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PEEFACE TO SECOND EDITION 

Fifteen years have elapsed since the original publication of 
the present work , and fifteen years count as a long spell of 
tiTTiP. where sidereal research is m question In preparing 
the Second Edition, accordingly, I have introduced extensive 
modifications Considerable sections of the book have been 
recast, and aU have been thoroughly revised New chapters 
have been inserted old ones have been in large part suppressed 
Drastic measures of reform have in short, been adopted with 
results that certainly import progress and (it is hoped) con 
statute improvements Most of the Illustrations are entirely 
new , and I am under great obhgations for the use of valuable 
photographs and drawings, among others to Sir David GiU, 
1 E S to Professor Hale and the University Press of Chicago 
to the Kev W Sidgreaves, S J , to Professors E C Pickering, 
Campbell, Barnard, and Frost, and to Dr Max Wolf of 
Heidelberg 

London July 1905 
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PEEPIOE TO THE FIRST EDITION 


Sidereal science has a great future before it The prospec 
of its advance are inealculahle , the possibilities of i s eve p 

altraota efforts for its ixomotiom at once so wide ” 

varied and so eathosmstic, and m no other is antiapat on 
BO eontmnJl, ontan by the bnlliant sigmffcance o£ the 

xesiilts acliioTGd 

lor the due appreciabiou, hower, of these results, some 
urelmmary knowledge is reqmied, and is possessed by few 
To bring I mthm the reach of many is the object aimed at 
in the publication of the present volume Astronomy is 
essentially a popular science The general pub ic as an 
indefeasible right of access to its lofty halls which it is al 
the more important to keep cleared of unnecessary technical 
impediments, that the natural tendency of aE sciences is o 
become speciahsed as they advance But literary treatment 
IS the foe of specialisation, and helps to secure accordingly 
the topics It IS apphed to, against being secluded from the 
interest and undeistandmg of ordmarEy educated men and 
women Now, in the whole astonishing history of the human 
intellect there is no more astonishing chapter than that con 
cerned with the sidereal researches of the last ha-lf century 
Nor can the resources of thought be more effectually widened, 
or Its principles he more surely ennobled through the vision 
of a Higher Wisdom than by rendering it so far as possible, 
to all 
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The following pages then embody an attempt to combine, 
in a general survey some definite particulars of knowledge 
regardmg our sidereal surroundmgs The plan pursued has 
been to instruct by illustrative examples to select typical 
instances from each class of phenomena dwelhng upon them 
■with sufficient detail to awaken interest and assist realisation, 
while avoiding the tediousness inseparable from exhaustive 
treatment In developing the subject it seemed best to 
proceed from the particular to the general, to start with 
describmg the physical constitution of individual bodies and 
ascending by degrees through contmuaUy added complexities 
of mutual relationships, reach at last the crowning problem of 
the Construction of the Heavens 

The writer gratefully acknowledges the assistance derived, 
in the preparation of the present work, from the kindness of 
Sir David Gill H M Astionomer at the Cape first and chiefly 
in affordmg her an opportimity of observing m southern skies , 
secondly, in readmg over several of its chapters in manuscript 
Her thanks are also due to Professor E S Holden to Messrs 
Burnham, Keeler and Barnard , to Professor E C Pickering, 
director of Harvard CoEege Observatory , to Sir WEham and 
Lady Huggms, Sir Horman Lockyer, Drs Vogel Schonfeld, 
and others for commumcations of great interest and value 


London Sejptemler 26 1890 



CONTENTS 


CHAP 

1 The Task of Sidereai. A.stroeom:y 

2 The Methods of Sidereal Bbsiarch 

3 The Stars as Sues 

4 The Chemistry of Red Stars 
6 Gaseous Stars aed 1:TebuljE 

6 The Temperatures op the Stars 

7 Temporary Stars 

8 Stars Variable in Long- Periods amd Irregularly 

9 Variable Stars op Short Period 

10 The Colours oe the Stars 

11 Double Stars 

12 Stellar Orbits 

13 Variable Double Stars 

14 bPEOTROSOOPIO BINARIES 

16 Multiple Stars 

16 The Evolution of Multiple Stars 

17 The Pleiades 

18 Star Clusters 

19 The Poems of NsBULiB 

20 The Great NsBULiE 

21 The ITaturb and Chanobs of Nebulb: 

22 The Distances of the Stars 

29 Translation of the Solar System 

24 The Proper Motions op the Stars 

25 The Milky Way 

26 Status of the ITEBULiE 

27 The Construction of the Heavens 


PAGE 

1 

12 

34 

49 

58 

71 

81 

97 

116 

135 

150 

162 

178 

185 

194 

208 

215 

227 

242 

257 

272 

282 

302 

316 

333 

349 

360 


XI 




LIST OF ILLTJSTEATIONS 


PRINTED SEPARATELY 


PLATE 

I Chart of the Pleiades 
II Photographed Stellar Spectra 

III Types of Stellar Spectra 

IV Stellar Spectra of Three Types 

V Stellar Spectra of the Second, Third, and Fourth 
Types in the Blue Kegion 
VI Spectrogram of Nova Aurigse 
VII Spectrum of Nova Aurigse 
VIII Spectra of Temporary Stars 
IX The Nebulosity round Nova Persei 
X Spectrum of Alpha Phoenicis 
XI Irregular Star Clusters 
XII Photographs of Southern Sidereal Objects 

XIII Photographs of Spiral Nebuloe 

XIV An Irregular Nebula in Cygnus 

XV Photograph of the Looped, or « Spider” 
Nebula 

XVI Photograph of Messier 11 and adjacent Galactic 
Cloud formal 

XVII Photograph of the Key Hole Nebula 
XVIII The America Nebula 
XIX Perforated Galactic Group in Sagittarius 
XX The Cocoon Nebula in Cygnus 


Frontisjoiece 


To face page 

V 

5 > 


36 

44 

46 


jj 

)? 

»> 


j 


56 

90 

92 

94 

96 

186 

228 

238 

260 

264 


262 


5 } 

V 


230 

268 

270 

338 

352 


xm 




LIST OF ILLUSTBATIONS 


PRINTED IN THE TEXT 

Pjv.aE 

1 Spectrum of Hydrogen in White Stars (Huggins) 38 

2 Distribution of 334 Periods of Variable Stars 98 

3 Two Consecutive Maxima of Mira Ceti 100 

4 Minimum of Miia Ceti 1902 3 101 

5 Light Curve of E ISTormae 103 

6 Areas of Paculse on the Sun, 187899 104 

7 Light Curve of U Lupi (Innes) 105 

8 Light Curve of Eta Carinso, 1810 1902 108 

9 Curve of Sun spot Frequency, 1867 77 (Ellis) 113 

10 Distribution of 80 Variable Star Periods under 20^ 117 

1 1 Light Curve of Delta Cephei 118 

12 Typical Light Curves of Cluster Variables 119 

13 Light Curve of No 45 Omega Centauii 120 

14 Light Curve of S Arae 120 

15 Light Curve of XJ Vulpeculae 122 

16 Light Curve of Beta Lyrae (Argelander) 122 

17 Light Curve of V Puppis 123 

18 Light Curves of Five Algol Stars 124 

19 System of E^ Centauri (Eoberts) 125 

20 Algol during an Eclipse 129 

21 Minimum of S Cancri 131 

22 Apparent and Eeal Orbits of Alpha Centaun 164 

23 Four Double Stars photographed at Pans (Mouchez, Photo 

grapMe Astronomique) 166 

24 Orbits of the Component Stars of Gamma Virginia 173 

25 Orbits of the Component Stars of Alpha Centauri 174 

26 Orbits of Sinus and its companion 174 

27 Stars of the Trapezium 206 

X.V 



XVI 


THE SYSTEM OE THE STAES 


FIG 

28 Plan Sketch of a Nehnla (Yogel) 

29 Helical Nebula m Draco (Holden) 

30 Spiral Planetary Nebnla in Sagitta 

31 Annnlar Nebula in Aq_iiarius (Holden) 

32 Structure Lines of the Great Nebula in Andromeda 

33 Spiral Structure of the Great Andromeda Nebula 

34 Index Diagram to Structures photographed in the Orion 

Nebula 

35 Group of Coronal Structures (W H Wesley) 

36 The Earth s Motion in Space (Young) 

37 The Galactic Spiral (Easton) 

38 Distribution of 934 Stars within 1 of the Pole, showing the 

ratio of numbers to space for each half magnitude 


PAGE 

246 

248 

248 

250 

258 

259 

266 

267 

313 

344 

364 



CHAPTER I 


THE TASK OE SIDEEEAL ASTRONOMl 

When all the stars blaze out on a clear moonless night it 
seems as if it would be impossible to count them , and yet it 
IS seldom that more than 2000 aie visible together to the 
unaided eye The numbei howtvei depends veiy much 
upon climate and sharpness of sight Aigelander enumerated 
at Bonn where rathei more than eight tenths of the spheie 
come successively into view 325 G stais^ But of these no 
more than 2000 could be at iny one time above the horizon 
and so many would not be 'pouepUlly above it owing to the 
quenching power of the air m its neighbourhood Heis, with 
exceptionally been sight distinguished at Munstei 1445 
more stars than Argelander had seen at Bonn , ^ Houzeau 
recorded 5719 at Jamaica,® Gould 7756 within 100 of 
the south pole at Cordoba m South America The dis 
crepancies of these hguies are due to the multitude of small 
stars always it might be said hovering on the verge of 
visibility If indeed the atmosphere could be wholly with 
drawn, fully 25 000 stars would, according to a tiustworthy 
estimate become appiieiit to moderately good eyes® 

Oui system ol designating the stars has come down to us 
from a hoar antiquity It is a very embarrassing one " The 
constellations, &u John Heischel remarks' seem to have 

^ XJrano'fneti ict Nova 1843 

Heis Be Magmktdine Numeroque Stellarwn p 16 185^ 

® XJranomMrie Gindrale Annales do 1 Observatoiu dc Bru\tlks t i 1878 
^ XjTanometria Argentina 1879 
Backlioiise Journal Liverpool Astr Society vol vii p 226 
^ Treatise on Astronomy p 163 note 
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been almost purposely named and delineated to cause as 
much confusion and inconvenience as possible Innumerable 
snakes twine through long and contorted areas of the heavens 
where no memory can follow them, bears lions and fishes, 
large and small northern and southern, confuse all nomen 
clature And yet we could ill afford to dispense with the 
picturesque associations of a menagerie largely stocked from 
the banks of the Euphrates The signs of the Zodiac which 
are undoubtedly of Chaldean origin, embody legendary cycles 
of thought already, some four thousand years ago, the worse 
foi the wear and dilapidated by time Homer and Hesiod 
were familiar with the Bear Arcturus, and the Dog star with 
the Hyades, and the Pleiades and the strength of Orion 
The Little Bear was introduced from Phoenicia when the 
Pole star became the mariner s ' cynosure Finally a number 
of individual stars have Arabic appellations dating from the 
epoch of Saracen supiemacy over science Thus Vega, ’ the 
current name of the brightest star in the G-reek constellation 
of the Lyre is the remnant of an Arabic phrase signifying 
the 'Falling Eagle, while Altair stands for the Flying 
Eagle , Deneb means the Tail of the Swan , ' Fomalhaut, 
the Mouth of the Fish , ' Eigel ’ in Orion is the Leg, 

Betelgeux the ' Shoulder of the Giant ' and so on 

The constellations ^ now generally recognised are eighty 
SIX in number of which forty eight are found in Ptolemy's 
' Almagest From Ptolemy too is derived the method of 
classifying the stars by magnitudes This is a most in 
appropriate term since none of the stars have any perceptible 
dimensions They are literally what Shelley calls them 
atoms of intensest light — globes shrunken by distance to 
the semblance of mere shining needle points Our own sun 
removed to the place of the nearest fixed staf would be in 
the same condition, contracted to diameter would 

be utterly inappreciable with the largest telescope It is 
true that the telescopic images of the stars appear to 
be of measurable size, but this is a purely optical effect, 
and the spurious discs shown by them actually grow 

^ For an easy metliod of identifying the chief northern stars see Sir Eobert 
Ball s Story of the Heavens p 372 also the Uranography in Young s 
Me ments of Astronomy 1890 



THE TASK OJ SIDEEEAL ASTRONOMY 3 

smaller lustead of larger as the power of the mstrumeat is 
increased 

‘ Magnitude ’ has then^ nothing to do with appaient size 
hut refers entirely to apparent lustre which depends upon 
distance and intensity of shining as well as upon actual 
dimensions The faintest stars haTe the highest numerical 
magnitudes , and it has been found that the gap between each 
successive order as represented hy the stars tiaditionaUy 
belonging to it corresponds to a falling olf of light in the 
proportion of about 2-J to 1 The arrangement by magnitudes 
IS of course entirely arbitrary, natural gradations are not 
by a flight of steps, but along an inclined plane Stars classed 
as of the first magnitude (of which there are ten in each 
hemisphere) ^ differ accordingly very much among themselves 
Sinus exceeds Eegulus no less than fourteen and a half times , 
Vega is more than twice as bnlliant as Aldebaran Vega 
Capella and Arcturus hold a co ordinate primacy m the 
northern hemisphere, hut are outshone in the southern hy Sinus 
Canopus and a Centauri Of second magnitude are the seven 
stars grouped to form “ Charles s Wain, the Pole star and some 
of the most vivid gems in Perseus Cassiopeia and the Swan 
Stars of the sixth magnitude are the faintest ordinarily visible 
to the nahed eye , but those of the seventh can be seen under 
advantageous circumstances The plan mtioduced by Bayer 
in 1603 of naming the stais of the several constellations 
roughly m order of brightness by the letters of the Greek 
alphabet estabhshed for each a kind of light sequence useful 
though far from exact The smaller stars are usually dis 
tinguished by the numbers attached to them m various 
citalogues 

One of the most notorious circumstances about the stars 
IS their twinkling They undeigo especially when near the 
horizon extremely rapid changes of lustie attended sometimes 
by the ghntmg of prismatic colours Nor do all stand in this 
respect on the same level White stars twinkle more than 
red ones Even early and untutored observers noticed how 

Tlie fieiy Sums alters hue. 

And bicters mto red and emerald 


1 See Appendix Table I 
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whence it was called by Aratus iroidXo'; the many colomed , 
and chromatic unsteadiness was a marked peculiarity of the 
‘ new stars of 1572 and 1604 

It IS easy to see that this effect is in some way due to the 
atmosphere Like refraction it vanishes at the zenith , it 
varies in mtensity with weather and climate The first 
rational conjecture as to its cause was made in 1667 by 
Eobert Hooke who attributed it to irregular lefiaction in the 
various air strata More exact inquiries on the subject have, 
in recent times led to some curious results 

The impressions of light on the retina last according to 
Plateau s careful determination 0 34 — say one third — of a 
second This is the limit of their individual perceptibility 
With more frequent recurrence they become merged indis 
tmguishably together But the changes producing scintillation 
succeed each other much more rapidly than three times in a 
second Hence the need of some means of separating and 
analysing them 

These were provided by M Montigny s scintillometer, ^ 
in which the sensibility of different parts of the retma was 
skilfully turned to account for the registration of a swift 
succession of impressions By the rotation of a glass plate 
obliquely inserted in front of the eye piece of a refracting 
telescope the image of a star viewed with it is made to 
describe an exact circle in the field The line of light traced 
out IS in perfectly steady air continuous and of a uniform hue 
but breaks up under the influence of scintillation into vividly 
tinted ares at times into prismatic pearls The addition of 
a pair of crossed wires facilitates the leckonmg of the colour 
fluctuations thus rendered separately visible , and they are 
found to occur on an average in white stars standing thirty 
degrees above the horizon seventy eight times in a second in 
yellow and red stars similarly placed sixty eight and fifty six 
times respectively^ 

The explanation of these appearances is eAndently to be 
sought in the refractive power combined with the turbulence 

Described in Bulletvn de I Acad des Sciences Bruxelles t xvii p 261 
2nd senes Monthly MoUces vol xxxyii p 203 Ciel et Terre (Fievez) t i 
p 369 ' 

^ Bull de I Acad Bruxelles t xxxvu p 185 2nd series 
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of our aerial envelope For a different path through its strata 
IS necessarily pursued by each of the differently refiangible 
beams united to form the image of a star The violet enteis 
them higher up since it is more bent in tiansit than the red , 
and so proportionately of the rest Each then is liable to 
encounter different vicissitudes on the way betrayed to our 
sight by rapid flashes of colour Each is affected by innumei 
able small deviations and momentary caprices of lefraction , 
so that the bundle of rays picturing a star at a given instant 
IS as it were a fortuitous and eminently unstable combination 
It IS dissolved and a new one constituted sixty or seventy 
times in a second , and the elements temporarily missing 
determine the resulting tint The fundamental fact of the 
matter, in short is that the light of every star near the 
horizon is drawn out into a tiny spectrum by the chromatic 
dispersion of the atmosphere , and Eespighi s study of the 
fluctuations in these prismatic images ^ provided accordingly 
the first secure basis for a scientific theory of scintillation 

That white twinkle more than red stars becomes intelligible 
when we consider that the sheaf of their beams being fuller 
interceptions of them are more frequent But planets which 
are raiating discs and not meiely points, larely show the 
effect because the absence of rays from one part is compensated 
by the arrival of lays from other paits of their surfaces 
Similarly the steady ladiance of stais in large telescopes is 
due to the neutralisation of each casual stoppage by the 
great number of the beams collected together Instead of a 
twinkling image however, a blurred and distended one is 
formed under perturbed conditions, and observation gains 
nothing by the exchange And since the degree to which this 
phenomenon is present varies very much with locality regard 
should be had to its prevalence in choosing ^ sites for power 
ful instruments It diminishes on the whole with altitude, 
but the configuration of adjacent mountain ranges is strongly 
influential and Di Pernter found Sinus actually to scintillate 

1 Les Mondes t p 698 (1869) Lord Rayleigli, FUl Mag vol xxto 
p 129 1903 

2 Exner Astr Nach No 2791 A E Douglass Fo'^vdar Astronomy June 
1897 Lowell Monthly Notices vol Km p 40 Exnei and Yilliger Astro^h 
Journ vol xxi p 368 
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more at the summit than at the foot of the Sonnblick CIO 000 
feet high) ^ 

Scintillation like astronomical refraction augments as the 
thermometer falls and as the barometer rises This is inevit 
able since the first requisite for its occurrence is differential 
refractive action on the various light rays^ But it has other 
less obviously accountable meteorological relations M 
Montigny ascertained by the experience of nearly forty years 
that with the quantity of moisture in the air the twinkling 
of the stars increases so maikedly as to serve foi a useful 
prognostic of ram Cyclonic conditions promote it , ® and it 
IS extremely sensitive to magnetic disturbances ^ Ussher was 
struck in the eighteenth century with the surprismg vividness 
of scintillation during aurorae , Montigny extended the comcid 
ence to magnetic commotions perceptible only instrumentally 
Moreover Weber remarked at Peckeloh m 1880 that stars 
situated near the magnetic meridian twinkled more thin 
elsewhere in the sky,® and although little attention has of 
late been paid to the possible dependence of the effect upon 
the pomts of the compass yet the theoretical interest of 
scintillation would be much enhanced should it turn out to 
be one of the many terrestrial phenomena associated with 
vicissitudes in the physical condition of the sun 

The world of stars thrown open by the telescope may 
airly be called boundless TJsmg a glass only two and a half 
inches across Argelander registered 324189 down to 94 
naagnitude all m the northern hemisphere with the addition 
ot a southern zone one degree wide The work was extended 
to the southern tropic by Schonfeld and completed to the 
southern pole under Sir David Gill s direction At the Cape 
the photographic method was emplojed and the resulting 
enrolment published 1896-1900 comprises 454 875 stais 
nearly to the tenth magnitude, while the Cordoba visual 
Durchmusterung executed by Thome and Tucker 1885 1904 
IS a stiU more comprehensive register of southern objects Yet 


^ Obsermtory yoI xii p 194 
^ Mont gny Bull de I Acad Bruxelles t xlvi p 
Rosentlial Meteor Ze'vtschr'ift Bd xx p 145 
^ Comptes Bendus t xcvi p 673 
Wochenschrift fur Astronorme 1880 p 294 


613 2nd senes 
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these great works are merely preliminary to the International 
charting operations in progress Their accomplishment will 
yield a Catalogue of precision including at least thiee 
million stars , and somewhere about thirty millions taken 
from the submerged population of space will, by their record on 
the chart plates be admitted to the citizenship of astronomy 
They can never thenceforward be excluded from the scope 
of research Their light changes, their movements then 
distribution will present an inexhaustible and probably a 
most fruitful field of inquiry 

Mr Plummer showed in 1877 ^ that the lucid stars (those 
visible to the naked eye) in the Bonn Durchmusterung give 
as much light as 7349 the telescopic stars as 23 337 sixth 
magnitude stars Those singly imperceptible thus really 
illuminate the sky just three times more than those in 
dividually seen Summing up with the aid of the best 
photometric data the entire light of Aigelandei s 324 000 
stars we get for its equivalent full moonlight , and we 
may roughly estimate the total light of all those similarly 
enumerated m both hemispheies to the number of about 
900 000 at the lunar brightness The amount ol 

scattered effulgence dispensed by still fainter stars is exceed 
ingly difficult to evaluate Sir William Abney using a 
photographic method, rated in 1896 the sum of starlight in 
both hemispheres at moonlight Professoi Newcomb 

in 1901^ from visual observations of diffused sky radiance 
concluded the light powei of all the stars to be just 728 times 
that of Capella,^ and 728 stars like Capella give the 
light of the full moon^ But it is far from certain that the 
vault of heaven would seem absolutely black if the stars were 
blotted out ^ Our upper air is the seat of processes by which 
luminosity is at times strongly developed , and we cannot be 
sure that they are ever entirely suspended Hence, Professor 
Newcombs experiments afford no assurance regarding the 

^ Monthly Notices vol xxxvii p 436 
Astro^physical Journal vol xiv p 310 see also Gavin J Burns ibid 
vol XVI p 166 

^ Newcomb s 600 stars of 0 0 magnitude are equal to 728 of tbe pliotometric 
brightness (0 21) of Capella 

^ Muller Fhotometrie der Gestirne p 340 
® Cf Burns Joum Brit Astr Ass vol \v p 91 
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equivalent to say nothing of the actual numbei of stars 
coming directly, or indirectly within oui len These last can 
not well fall short of sixty millions and they more piobahly 
sum up to one hundred millions , but the nets of inquiry can 
at present scarcely be diawn closer Yet the fact is note 
worthy that each class of stars sends us appieciably more 
light than the class next above it The light aggregate of 
second magnitude stais exceeds that of first, of third that of 
second and so on The fainter the stars in short the greater 
IS their total luminous pover^ because their augmented 
numbers more than counterbalance their diminished individual 
lustre But this progression it is evident cannot go on 
indefinitely since otherwise an indefinitely intense radiance 
would fill the sky Darkness would be abolished through the 
shining of invisible stars It follows either that the observed 
Older of the stellar world has assignable limits — that the star 
depths however profound are not absolutely unfathomable , 
or that space for whatever reason is not absolutelj transpaient 

The task of exploration at any rate does not seem to be 
altogether hopeless It can nevei indeed be exhausted , but 
it can fairly be grappled with by finite minds It does not 
evade their efforts with the passive scorn of mateiial infini 
tude Genuine if partial successes have crowned them in the 
past and will it may be hoped continue to crown them in the 
future 

We must not howevei in seeking encouragement from 
the thought that it does not utterly defy our powers under 
rate the difficulty of the enterprise we have taken in hand 
The nature of oui own sun offeis a ^ast and intricate problem 
still very far from being solved, but stellar spice contains 
many millions of suns variously constituted variously circum 
stanced frequently surpassing our magnificent orb in size and 
splendour Now each of these millions of suns challenges 
the closest personal attention, no single one of them is 
exactly like any other and then differences and resemblances 
open endless vistas of instiuction and interest Their mcon- 
ceivable remoteness in no way derogates from their real 
dignity An all but evanescent speck of light in the field of 
the great Lick refractor may be the life giving centre of a 
^ L Astronorme t v p 409 
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system of worlds each abounding as marvellously with proofs 
of creative wisdom and goodness as the httle planet m whici 
our temporal destinies are imprisoned Such light specks are 
then equally deservmg of study with the most effulgent oi s 
in the sky although it may never be practicable to bestow it 
upon them We can indeed haidly imagine the amount ot 
telescopic improvement which would be needed in order to 
bring them within the range of critical examination hor 
the present accordingly, physical research must be confined 
to some thousands of the brighter stars which may serve as 
specimens of the rest Noi need we lament the restriction 
Generations of workers might expend then energies in 
gathering facts from the field actually open to them and 
yet leave a full harvest for their successors In all ex 
perimental inquiries it may with truth be said that the 
reaper as he garners one crop of knowledge sows another 
so endless are the secrets of nature so untiring the inquisi 
tiveness of man 

The stars in their combinations demand inquiry no less 
than the stars in themsehes Stellai systems are to be met 
with in indesciibable profusion and variety from mutually 
circling pairs through groups including thousands of physi 
cally related objects to the stupendous integrated collection 
which we call the Milky Way But as yet investigation has 
barely skirted the edge of this well mgh infinite region Before 
it can be penetrated by so much as a plausible conjecture, 
statistics are wanted of the distances and movements of 

thousands nay millions of stars 

Nor IS the amassing of them any longer the Sisyphean 
labour it seemed a short time since By the unhopedfor 
development of novel methods, the pace of inquiry has been 
qmckened aU along the line Particulars are accumulated 
faster than they can be assorted and arranged Time has 
virtually expanded as if for the purpose of gratifying curiosity 
which becomes keener as its sublime objects loom more 
distinctly above the horizon of thought Ten years now 
count for a century of the old plodding advance Expiess 
trains carry passengers on errands of research as well as of 
business or pleasure Problems ripen as if in a forcing house, 
and so numerously as almost to bewilder the attention 
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The whole subject of sidereal natural history is wide 
and intricate beyond what it is easy to convey to those 
approaching it for the first time There is scarcely a topic in 
physical astronomy with which it is unconnected The pio 
gress of discovery has graduaUy drawn closer the generic 
relationships of the heavenly bodies The sun has come to be 
recognised as the grand exemplar of the stars, meteorites 
show themselves to be intimately associated with comets , 
comets are perhaps the shreds of used up nebulse , while the 
stellar and nebular realms blend one with the other as indis 
tinguishably as the animal and vegetable kingdoms of orgamc 
nature 

The strange cloud like objects called nebulae may be 
considered as wholly of telescopic revelation Only one of 
them the famous object in the girdle of Andromeda — can 
be at all easily seen with the naked eye , and even that 
escaped the notice of all the Greek and most of the 
mediaeval astronomers The “nebulosae of the ancients 
were many of them small groups of stars accidentally set 
close together , but among the seven enumerated by Ptolemy 
were two real clusters hke the Pleiades, only (presumably) 
much farther away one in Perseus and the other in Cancer 
Indeed to extremely short sighted persons the Pleiades them 
selves put on a nebulous appearance the individual stars 
running together into one wide blot of light 

Halley was the first to form anything hke an adequate 
conception of the importance of nebular observations He 
was acquainted in 1716 with six lummous spots or patches, 
which discover themselves only by the telescope and appear 
to the naked eye like small fixed stars , but in reality are 
nothing else hut the hght commg from an extraordinary great 
space m the ether through which a lucid medium is diffused, 
that shmes with its own proper lustre ^ Only two of Halley s 

haH dozen objects however — those in Orion and Andromeda 

were genuine nebulae , the rest when viewed with better mstru 

ments than his six-foot tube proved to be magnificent stai 
clusters 

This smaU beginmng of knowledge was followed up by 
Lacaille m the southern by Messier in the northern hemi 

^ Fk%l Trans vol xxix p 390 
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sphere Then Herschels great telescopes opened the modem 
epoch in the science of nebulae As the result of his labours 
they came to he reckoned by the thousand instead of by the 
score Portions of the sky were found to be crowded with 
them Yet the vast majority must always owing to their 
extreme faintness remain imperceptible without powerful 
optical aid only sixty four coming into view with the same 
telescope which showed Argelander 324 000 stais Thus 
access to the nebular heavens can be gained only by making 
the very most of the little light they send us Large 
telescopes and prolonged photographic exposures aie indeed 
pre eminently useful in this department of celestial physics, 
which mainly through the application of the cameia has of 
late incalculably widened A pioneering survey with the 
Crossley reflector led Professor Keelei to estimate at 120 000 
the number of nebula which might he chemically recorded by 
its means, and the specimen sheaves garnered by Dr Max 
Wolf at Konigstuhl in 1901 are no less promising foi a rich 
future harvest But discoveries are of small account if 
succeeded by neglect Assiduous and prolonged observation is 
indispensable for the detection of the cyclical oi progressive 
changes doubtless proceeding in these inclio ite sj stems 

This then is the task of sidereal astronomy — to investigate 
the nature origin and relationships of 30,000 000 stars and 
of 120 000 nebulae — to inquire into their movements among 
themselves and that of our sun among them — to assign to 
each its place and rank in the universal order, and gathering 
hints of what has been and what will be from what is 
distinguish hierarchies of celestial systems and thus at last 
rise to the higher synthesis embracmg the grand mechanism 
of the entire — the sublime idea of Omnipotence to which the 
stars conform their courses, while they shine forth with joy 
to Him that made them 



OHAPTEE II 

THE METHODS OE SIDEREAL RESEARCH 

Sidereal science is on its geometrical side of modern develop 
ment j on its physical side of modern origin The places of 
the stars, as referred to certain lines and points on the surface 
of an imaginary hollow sphere are obtained now on essentially 
the same principles as by Hipparchus only with incomparably 
greater refinement And refinement is everything where the 
stars are concerned SignifiLcant changes among them can 
only be brought out by minute accuracy To a rough dis 
cernment their relative situations are immutable , and 
systematic inquiries into their movements hence became 
possible only when the grosser eriors were banished from 
observation Bessels discovery of Bradleys exactitude gave 
the signal foi such inquiries It seemed worth while to re 
observe stars already so well determined that disci epancies 
might safely be interpreted to mean real change 

Thus it IS only within the last hundred years that the 
stars have been extensively catalogued for their own sakes 
and no longer in subordination to the interests of planetary or 
cometary astronomy The scope of such labours now widens 
continually For the objects of them are all but innumerable 
and the inception of ambitious schemes is encouraged by 
modern facilities for executing them by combination The 
project set on foot by the German Astronomical Society in 
1865 of fixing the precise places of stars to the ninth 
magnitude found co operators in aU parts of the world , and 
its virtual completion in 1903 to the verge of the southern 
zones observed by Gould and Gilliss raised the number of 
stars not merely recorded but known in the strict astro 
metrical sense to not far from 400 000 


12 
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A star IS located in the heavens just as a city or a 
mountain is located on the earth by measurements along 
two imaginaiy circles Its ^ declination, or distance from 
the celestial equator corresponds to teriestiial latitude, its 
right ascension to terrestrial longitude The astronomical 
prime meridian passes through the first point of Aries that 
IS the sun s position at the vernal equinox , intervals from it 
are reckoned eastward from 0 to 360 or in time from 0^^ to 
24^ And since the zero point retreats slowly westward by 
the effect of precession it follows that the right ascensions 
of most stars increase steadily year by yeai apart from any 
movements ' proper to themselves 

The diurnal revolution of the sphere furnishes the sole 
standard of time in sidereal astronomy Sidereal noon at a 
given locality is the moment when the first point of Aries 
crosses the meridian of that spot , the right ascensions of 
the heavenly bodies indicating the order of then successive 
culminations Thus if the light ascension oi a star be two 
hours and twelve minutes it will cross the meridian of ^ny 
place on the eaith two hours and twelve minutes after the 
first point of Aiies has ciossed it corrnng uj) %t to that 

extent in the grand diuinal procession Differences in light 
ascension signify differences in times of culmination , and 
their measures in hours minutes and seconds need only multi- 
plication by fifteen (the number of times that 24 is contained 
in 360) to appeal as measures of aic m degrees, minutes, 
and seconds 

A transit circle and a clock are the two essential instru 
ments for ascei taming the places of the stars The instant 
to the tenth of a second, at which a star stands in the 
meridian, is noted, the vertical circle is read showing its 
zenith distance (giving at once its declination when the 
lititude of the obseivatoiy is known) and the observational 
part of the woik is done The data thus obtained iftei 
undei going numeious corrections, suffice to deteimine the 
position of the stai with refcience to some other iunda 
mental stai the absolute pi ice of which has been separatolj 
and laboriously ascertained 

This business ot star location forms the substratum of the 
older astronomy But the piecision given to it is altogethei 
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new and alone has fitted it to be the means of eliciting facts 
so coy as those that relate to stellar movements For their 
disclosure devices of accuiacy are needed which our astio 
nomical progenitors never cast a thought upon Optical and 
mechanical skill has in our days reached a point of almost 
ideal perfection , yet when the artist has done his utmost the 
instrument is in a sense still in the rough The astronomer 
then takes it in hand, and his part is often the more arduous 
and anxious The investigation of small surviving errors the 
contrivance of methods for neutralising their effects, the carry 
mg out of delicate operations of adjustment the detection of 
microscopic deformations, tremors of the soil, inequalities of 
expansion by heat fill to his share Even his own rate 
of sense transmission has to be measured and figures, undci 
the title of personal equation as a correction in the final 
result Tor between the actual occurrence and the perception 
of a phenomenon there is always a gap more or less wide 
accordmg to mdividual idiosyncrasy and it is only aftci this 
gap — tiny though it be — has been crossed that electiicity can 
be called upon to play its prompt part as amanuensis to the 
observer 

This detailed and pamfijl struggle against erior has 
made sidereal astronomy possible, by jprecipitaUoig from the 
mixed solution that held them the minute quantities it deils 
with Just because the universe is almost infinitely large 
these quantities are almost mfinitely small They are small, 
not in themselves but through the incomprehensible remote 
ness of the bodies they affect 

Sidereal astronomy is deeply concerned with the motions 
of the stars These are of different kinds ' Proper motions 
— so called to distinguish them from common ’ apparent 
displacements due to the slow shifting of the points of refer 
ence on the sphere — advance uniformly along a great circle , 
orbital revolutions of one star round anothei are periodical in 
small elhpses , besides which annual oscillations varying in 
extent with the distances from ourselves of the objects per 
forming them are barely measurable in a few of the nearest 
stars The perception and characterisation of these orbital 
and parallactic movements have become possible only 
through the attamment of exquisite observational accuracy 
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The msbruments employed are the eqnatoreal with micrometer 
attached, and the helioiaeter 

An equatoreal is a telescope so mounted as to follow the 
diurnal xeyolntion of the heavens It is connected with an 
axis directed towards the pole and revolving hy clochworl 
once m twenty four hours An object accordingly once brought 
into its field of view remains there immovably for any desired 
time provided the tube be clamped in position, and the clock 
set going The inconvenience of the earth s lotation m pro 
ducing a continual " march-past of the heavenly bodies is 
thus neutralised 

To the eye end of an equatoreal is usually attached an 
arrangement of spider lines constituting a filar micrometer 
Two sets of such threads (which in subtlety and evenness of 
texture far surpass any artificial product) crossing at right 
angles and some of them movable by fine screws while the 
whole can he made to revolve together afford a most delicate 
means of ascertaining the distance and direction from each 
othei of any two objects close enough for simultaneous 
observation Measures of double stirs are executed and some 
stellai parallaxes have been determined m this way But for 
the litter purpose, the " heliometer ’ is the more appiopriate 
instrument 

Its designation is a misnomer oi lather represents the 
tradition of an original purpose to which it was nevei effec- 
tively applied The true function of a heliometer is the 
critic il measurement of two adjacent stars or of a star and 
planet Primarily, it is an equatoreal telescope, its micro 
metrical powers are conferred by the division of the object-glass 
into two halves sliding along their common diameter and 
duplicating by their separation the combined image foimed by 
them when together The amount of movement 1 given to the 
segments in bringing about alternate coincidences between 
opposite members of the pair of stais shown by each suffices 
to determine with the utmost nicety the interval between them 
That IS to say, after endless precautions for accuracy have 
been taken, and endless care bestowed upon detecting and 
obviating occasions of infinitesimal error 

The Radcliffe Observatory at Oxford possesses the largest 
heliometer m existence The diameter of its object glass is 
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seven and a half inches A similar instrument however, 
erected at the Eoyal Observatoiy, Cape of Good Hope nearly 
forty years later is but slightly infeiioi in size and is in other 
respects considerably its superior Dr Elkin at Yale College, 
has charge of the only heliometer in the New World while x 
good many are to be found in Germany and Bussia The 
Eepsolds of Hamburg may be said to hold a monopoly in the 
mechanical part of their production, and Merz ol Munich 
stands almost alone among opticians in his readiness to taka 
the responsibihty of sawing a fine object glass in two Noi 
IS the aptitude for the use of these instruments by any 
means universal among observers, hence their comparative 
scarcity 

The science of the motions of the stars is only a part of 
modern sidereal astronomy Within the last forty years a 
science of their nature has in defiance of forecast sprung up and 
assumed surprising proportions Sidereal physics has a groat 
future in store for it Its expansiveness in all directions is 
positively bewildering The ^ What next ^ ’ is hardly asked, 
when it IS answered and often in the least looked foi mannei 
In following its progress the mind becomes so inured to 
novelties that antecedent improbability ceases to suggest 
dissent Some details of what we have thus so far leaint 
will be contained m the ensuing chapters , the means employed 
must be briefly indicated in this 

They are of three principal kinds — spectroscopic, photo 
metric and photographic The general theory of spectrum 
analysis has been explamed elsewhere,^ here we need only 
repeat that it rests upon the constancy of the positions in tho 
spectrum belonging to the rays of hght given out by ignited 
vapours These invariable lines serve as an index to the 
presence in the sun or in a stai no less than in the laboratory, 
of the substance they are associated with Whether they be 
bright or dark the principle remains the same They aio 
bright when the vapour originating them is the chief source ol 
illumination , dark when a stronger light coming from behind 
IS absorbed by its interposition Their appearance as lines 
IS merely due to the transmission through a narrow slit of the 
hght afterwards prismatically dispersed 

^ See tbe author s of Astronomy 4tli edit p 139 
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Now a mam difliculty in getting starlight to disclose its 
secrets is that theie is so little of it It will not bear the 
necessary amount of spreading out but evades analysis by 
fading into imperceptibility like a runnel of water that widens 
only to disappear Hence the absolute necessity in stellar 
spectroscopy for large telescopes The collecting nets have to 
be widely extended to gather in a commodity so scirce Could 
we at all realise indeed the portentous expanse of the ever- 
broadening sphere filled by the stellar beams as they travel 
towards us^ we should be inclined to wonder not at their 
faintness but at their intensity But the weakening effect of 
distance is in some degree counteracted by powerful concentra 
tion 5 and this is one of the chief uses of the large telescopic 
apertures so much in vogue at the present time 

Viewed with the Lick refractor of 36 inches any given 
star is 32 400 times brighter than it appears to the naked 
eye or 324 times blighter than when shown by a 2 inch 
telescope^ The large instrument that is to say provides 
o24 times more material for expeiimenting upon or ranges 
further by 0;^ stellar magnitudes than the small refractor 

The interpretation of spectral hieroglyphics by which we 
learn the chemical constitution of a star is a very delicate and 
laborious operation What is called a compaiison spectrum 
IS usually employed as an adjunct to it Bays fiom some 
terrestrial souice aie reflected into one half of the slit through 
the other half of which the stellar rays are admitted Both sets 
then traverse the same prisms and form strictly comparable 
spectra side by side in the same held of view Lines common 
to both can thus easily be identified , and their genuine occur- 
rence leaves no doubt that the element compared — ^hydrogen 
sodium iron, magnesium, or any other — enters into the com 
position of the star But this process of matching can seldom 
01 never be completely carried out A dozen known lines 
may be attended by a hundred unknown ones either too faint 
to be distinctly seen or in positions unfamiliar to terrestrial 
light chemistry Nor is it safe to infer the absence of an 
ingredient from the absence of its representative lays Many 
cruses contiibute to render the display of lines in stellar 
spectra selective 

1 Holclon Enghsh Mecliamc vol xlvi p 628 
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Where direct comparisons can be dispensed with a slit is 
not essential to stellar light analysis For a star having no 
sensible dimensions gives rise to none of the confused ovei 
laying of images produced by grosser light sources unless super 
fluous rays be excluded by the use of a fine linear xpeiture 
Hence the possibihty of applying a slitless spectroscope to 
the stars Their light is then simply passed thiough a prism 
either before it enters or as it leaves the telescope The 
resulting variegated stripe looked at through a cylindrical 
lens to give it some tangible breadth, shows the dark gaps or 
lines significant of the ' type of the star 

But prismatic analysis is not merely communicative as to 
the physical and chemical nature of the stars It can tell 
something of their movements as well And, what is especially 
fortunate the information that it gives is of a kind otherwise 
inaccessible End on motions as every one knows aie 
visually imperceptible 5 the discovery that the spectioscope 
has the power to make them sensible is of such far reaching 
importance that Sir WiUiam Huggins by bringing the method 
into effective operation, performed perhaps the greatest of his 
many services to science Through the link thus established, 
geometrical and physical astronomy have been placed in 
closer mutual relations than could have been thought possible 
beforehand 

The observations concerned are of great delicacy and can 
only be made with a powerful telescope, collecting light 
suf6.cient to bear a considerable amount of dispersion Their 
object is to measure the minute displacements of known lines 
due to radial or end on motion and propoitional in 
amount to its \elocity These displacements are towards the 
blue end of the spectrum when the star is approaching towaids 
the red when it is receding from the earth The lefrangibility 
of the luminous beams is changed in the one case by the 
crowding together of the ethereal vibrations rendering them 
more numerous m a given time in the other by then being 
(as it were) drawn apart and so rendered less numeious 
The juxtaposition of a standard terrestrial spectrum such as 
that of iron gives the means of measuring deviations thus 
produced and so of determining the rate of approach or reces 
Sion of the star examined But the process is impeded to a 
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degree hardly imaginable without personal experience by 
troubles in the ocean of our air The twinkling of the stars 
IS represented in their spectra by tremors and undulations 
often permitting only instantaneous estimates of line positions 
This inconvenience has been largely remedied by the use of 
the camera 

Stellai photometry has a twofold object It gives the 
means of investigating, first the individual natuie, secondly, 
the collective relations of the stais Stellar lustre is affected 
by endless gradations of change It is raiely, perhaps never, 
really constant Periodical fluctuations are in many eases 
obvious , secular variations are suspected The suspicion can 
be verified only by precise light measurements repeated at 
long intervals 

Their application to the problems of stellar distribution 
becomes feasible through the dependence of brightness upon 
distance The law of the decrease of light with the increase 
of the square of the distance is univeisally familiar If all 
the stais were equal in themselves their apparent differences 
would thus at once disclose their relative remoteness We 
could locate them in space just as accurately as we could 
determine then lustre But in point of fact the stars are 
vastly diversified in size and luminosity, and we can hence 
reason from distance to brightness only by wide averages 
A statistical method alone is available and its employment 
involves the establishment of strict principles of light measure 
ment 

The first requisite fox this purpose was an unvarying and 
consistent scale, which was provided with the least possible 
disturbance to existing habits of thought by regularising the 
intique mode of estimation by ' magnitudes Intervals 
loosely defined and unequal were made precise A light 
ratio was agreed upon To this proportion of change from 
one magnitude to the next the numerical value 2 512^ has 
been assigned That is to say, an average first magnitude 
star sends us 2 512 times as much light as an average star of 
the second magnitude which in its turn, is 2 512 times 
brighter than one of the thud and so on From the first to 
the third magnitude, the step is evidently measured by the 

^ Selected as the n amber of which 0 4 is the logarithm 
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stjuo/re of the ‘ I'ight TOLtio ’ (2 512x2 512 6 310), and in 

general the relative brilliancy of any two stars miy be found 
by raising 2 512 to a powei represented by the numerical 
difference of their magnitudes One first magnitude star for 
instance is eqmvalent to one hundred of the sixth rank 
((2 512)^=100), and to no less than a million stars of the 
sixteenth magnitude 

All this IS a matter of pure definition and definition is a 
useful leading string to experiment It is something to have 
a clear conception in the abstract of what a tenth eleventh 
twentieth magmtude star is even though the conception be 
not altogether easy to realise The problem of applying the 
numerical standard set up was practically solved almost at 
the same time by Professor Pritchard at Oxford and by 
Professor Pickering at Cambridge in the Umted States They 
first systematically and extensively employed instrumental 
means in stellar photometry with the result of satisfactorily 
ascertaming the compaiative lustre of all stars Msible to the 
naked eye m these latitudes 

Professor Pritchard adopted for his researches the “ method 
of extinctions The image of each star was made to vanish 
by slidmg between it and the eye a wedge of neutial tinted 
glass, of which the thickness just needed to produce invisibilitj 
was found to give a very exact measure of intensity In this 
way the brightness of 2784 stars from the pole to ten degrees 
south of the equator was determined and registered in the 
Uranometria Nova Oxoniensis ’ 

The Harvard meiidian photometer was constructed on 
the prmciple of equalisation The images of the pole star 
(adopted as a standard of comparison) and of each star succes 
sively experimented upon were reflected into a fixed telescope 
and brought to an exact equality by means oi a polarising 
apparatus From the amount of rotation given for this pin 
pose to the double refractmg prism the actual difference of 
brightness was easily deduced The method is of wider appli 
cability than that by extinctions , none the less the wedge 
photometer in the form given to it by Pritchard has taken 
ita place as an mdispensable adjunct to such inquiries With 
either mstrument the limit of clearly distinguishable difference 
IS about one tenth of a magnitude 
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The original Harvard photometry^ mcluded all stars to 
the sixth magnitude as far as 30 of south latitude to the 
number of 4260 But it was only the fiist in a series of 
similar and larger works Its extension over the entire 
heavens was accomplished by the publication in 1895 of the 
Southern Harvard Photometry of 7922 stars, and the 
Eevised Harvard Photometry embracing about 9000 stars in 
both hemispheres was approaching completion m 1903® A 
Photometric Durchmusterung of stars to 7 5 magnitude within 
130 of the North Pole was besides constructed with a larger 
instrument ^ while the measurement of thousands of stars in 
zones has established standards of exact comparison down to 
the ninth stellar magnitude 

Potsdam is also the scene of extensive photometric opera 
tions which have now virtually reached their immediate terin 
About 16 000 stars have there been veiy precisely observed 
by MM MuHer and Kempf with a polarising photometer 
employed on Zollner s plan of compaiison with an ' artificial 
stai The results thus by various observers variously obtained 
are in general satisfactorily accordant , although the insecurity 
ittending processes of correction makes some degree of diverg 
ence inevitable A Photometric Catalogue gives the bright 
ness of stars in all parts of the sky reduced to the zenith 
But the reduction is not by a simple or cert iin procedure A 
law of light absorption in the terrestrial atmosphere has first 
to be arrived at experimentally ind the experiments are 
difficult and delicate Even at the zenith a heavy duty has 
to be paid estimated by the Potsdam observers at 16 or 17 by 
Professor Pickering at 20 per cent , and the rate of increase 
towards the horizon differs at different altitudes, and piohably 
in different climates as well Hence the adoption of a uniform 
plan of reduction for photometiic observations seems to be 
precluded , yet its absence must involve more or less serious 
discrepancies They are howevei possible only when the 
range of conditions is wide , where they are fairly const mt 
oxtremo accmacy is attaiiiahlo 

1 EarmTd Annals vol xiy pt i (1884) lor a comparison with the 
Oxfoid lesults fece ibid vol \m p 15 
Ha'i'oard Annals vol wait 
^ Ih%d vol 1 
^ Ih'bd vol xlv 1901 
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In the Eevised Harvard Photometry two stars Aldebaian 
and a Crncis aie rated as almost exactly of standard first 
magnitude brightness each being 2 6 times more luminous 
than the pole star They have in the northern hemisphere 
SIX superiors — Arcturus Capella Vega, Procyon Altair and 
Betelgeux the standing of which has accordingly to be 
expressed by fractional numbers Capella and Arcturus aie 
of magnitude 0 2 signifying that each is eight tenths of a 
magnitude brighter than Aldebaran while the figure 0 06 
attached to a Centauri conveys the fact of its superiority to 
a Ciucis by just one magnitude Cariying out the same 
system of notation we get negative numbers for the design i 
tion of still higher grades ol lustre Sinus for instance 
sends us eleven times more light than Aldebaran , it excels 
the standard by two magnitudes and six tenths a pre 
eminence compactly expressed by calling its magnitude —16 
To find a star outshining Sinus we must go to our own 
sun to which a rank can be assigned on the same scale Its 
light as measured by Alvan Clark in 1863 exceeds that of 
the dog star 3600 million times Bond made the dispropoi 
tion 5970, Stemheil 3840 millions to one From a mean of 
these insecure determinations Professor Pickering fixed the 
sun s stellar magnitude at -254,^ but various lines of 
inquiry sepaiately traced by Mr Gore ^ and Sir David Gill 
converge upon a much higher value lying between - 2 6 5 
and -26 8 It seems fairly certain accordingly that the 
splendour of Sinus is some 10 000 million times fainter than 
the blaze of sunshine m which we live 

The invention of the telescope itself does not mark an 
epoch more distinctly than the admission of the camera into 
the celestial armoury All the conditions of sidereal research 
in especial have already been transformed by its co operation 
The versatility of its powers is extraordinary , no task has 
yet found it unready or incapable It is the very Ariel of the 
astronomical Prospero 

This untiring serviceableness was made possible by the 
substitution in 1871 of gelatine for collodion as the vehicle 
for the salts of silver, the decomposition of which under the 


^ Proceedvngs American Academy vol xvi p 2 
2 Monthly Notices vol Ixiix p 164 
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influence of light forms the essential pait of the photographic 
process The new plates were however fiist used for ' astro 
graphical purposes by Sir Wilham Huggins in 1876 Since 
they are five times more sensitive diy than wet, exposures 
with them can he indefinitely prolonged They may besides, 
be prepared any desirable time before and developed any 
desirable time after exposure thus accommodating themselves 
in a really wonderful way to the needs of astronomers 

The unKjue power of the photographic plate as an engine 
of discovery is derived from its unhmited faculty for amassing 
faint impressions of light By looking long enough it can see 
anything there IS to be seen Sir William Abneys experi 
ments convinced him that no rays are too feeble to overthrow 
the delicate molecular balance of silver bromide if only their 
separately evanescent effects get sufficiently piled up through 
repetition ^ By this capability of taking time for its ally the 
camera leaves the eye far behind With any given telescope 
much more can be photographed than can be seen and the 
threshold has been crossed of a region of research visually 
inaccessible but open to exploration by the far reaching 
chemical method 

The penetration of' space has nevertheless limits A 
ne plus ultra is imposed if not otherwise by the restricted 
possibilities of continuous exposure to the sky Darkness 
does not last indefinitely, nor is it absolute while it pievails 
There is always enough light scattered abroad to fog 
sensitive plates left long under its influence, and when 
fogging begins portrayal compulsorily terminates Thus, the 
plan first adopted by Dr Eoberts of obtaining a single picture 
by means of exposuies renewed night after night can be 
availed of only with restrictions 

The telescope forming the image which imprints itself upon 
the prepared plate is always ec[uatoiially mounted and has 
a motion given to it exactly concurrent with the revolution of 
the sphere Yet the utmost mechanical ingenuity cannot 
make the concurrence absolutely peifect Minute inequalities 
survive and need intelligent correction Even more sensible 
are disturbances caused by the changes of atmospheric re 
fraction with the ascent towards or decline from the meridian 
^ Ohseivatory vol mi p 165 
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of the objects m course of delineation For these reasons a 
photographic telescope has, as a rule a gxxidiiig telescope 
attached to its axis through which an observer witches to 
counteract almost to anticipate nascent tendencies to dis 
placement The strain upon the attention is severe , its 
endurance upon occasions for three even foui houis at i 
stretch is no small proof of resolution 

Exposures can howevei be curtailed by shortening the focus 
of the photographic telescope the image being thus lendeied 
smaller and — through the closer concentration of the same 
amount of light — more intense i or simply exploring the 
shies, sounding their depths and dredging up their contents, 
nothing can be better than the form of an ordinaiy poitiait lens 
With such a one only two inches in diameter the picture of 
the comet of 1882 was taken at the Royal Observatory, Cape 
of Good Hope the thick inlaid hackgiound of which 
afforded the first palpable revelation oi the stir chiibmg 
powers of the camera, and much of Professor Pickerings 
admirable work in sidereal photogiaphy has been done with a 
■Voigtlanders doublet’ (two achromatic lenses m com- 
bination) of eight inches aperture and about foity five focus 
Objects imperceptible through the Harviid fifteen-inch refr ictor 
can be photographed with this instrument , and it lias proved 
extraordinarily efidcient for the rapid charting of stirs and 
their spectra The Draper Catalogue was indeed com 
piled wholly from materials collected by its means In the 
Bruce telescope, completed hy Alvan Clark under Professor 
Pickerings direction in 1893 and mounted at Areqmin m 
1896 after transmission through the Straits of Magellan, the 
same plan of construction was earned out on a larger scale 
The object glass has a diameter of twenty four inches the foe il 
length IS eleven feet Stars down to the seventeenth magnitude 
are probably recorded on plates exposed to the strong con 
centration of light thus effected The portrait form of Ions 
has the additional merit of giving a large field of view Euh 
photograph taken with the Bruce telescope covers with veiy 
slight distortion five degrees square (25 squaie degrees) on 
a scale of one minute of arc to a millimetie The whole 
heavens could be charted on about two thousand such 
plates 
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Where accurate measurements are aimed at however the 
type of instrument repiesented by the MM Henry s photo 
graphic telescope is prefeiable The object glass in this is of 
the ordinary achiomatic kind but corrected with reference to 
chemical instead of to visual action The rays selected to be 
brought to a focus are those to which, not the human but 
the photogiaphic retina is sensitive The aperture is 13 
inches the focal length eleven feet , a plate holder is substituted 
for an eye piece while a guiding telescope of slightly inferior 
dimensions is enclosed within the same rectangular tube 
The field of view with the Pans photographic telescope within 
which definition may be considered as viitually perfect, is a 
circle three degrees in diameter ^ covering an area of not quite 
five square degiees Pully ten thousand of these plates 
(allowing for overlaps) will be needed to picture the spheie , 
and they are being taken in duplicate for the purposes of the 
International Celestial Survey Eighteen instruments modelled 
on that of the MM Hemy aie employed upon it, and the 
high quality of the data they will piovide is assured Yet 
thought quails before the quantity of mateiials presently to 
be dealt with Eventually we may fairly hope, they will 
be brought within the unifying giasp of statistical research , 
out only at a heavy cost of weirisome toil 

Studies of the distribution of the stars ' Piofessor Picker 
ing lemarked can now scarcely be undertaken in any way 
except by photography But photography, to be really in 
stiuctive on this point, must be combined with photometry 
The portrayal of millions of stars projected side by side on i 
spherical surface tells us little or nothing of their rchtions to 
the immensity of space This can only be found out foi the 
vast majority of them by collecting statistics of the amount 
of light they send us Hence the importance of the photo 
metry of small stars Yet no visual means have hitherto 
proved competent to deal with it Eye estimates however 
guided and succoured by insti aments break down when 
pushed too far down the scile The problem is evidently one 
of those reserved for successful treatment with the camera 

What IS called ' photogiaphic irradiation iffoids one 
means of attack upon it This arises from the diiffusion of 
^ BullethTh A4'i onomiq^ie t yi p 303 
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light within the substance of the gelatine film The pai ticks 
directly meeting the stellar rajs reflect them irregulirly all 
round to other particles thus widening the area of chemical 
decomposition and creating circulai images which with the 
same exposure and on the same plate are found to vary in 
size with the magnitude of the stars they represent ^ Thus, 
from a few stars of aseertamed brightness that of the rest 
imprinted with them may down to a pretty low grade readily 
be inferred The faintest stars however give rise to dots so 
small that differential measures of them are scarcely practicable 
The method is further compromised bj the unceitainty of the 
law connecting the size of chemical stai discs with brightness 
It IS indeed a mere empirical formula varying with the con 
ditions of observation It is not the same for rapid as 
for slow plates ,, it is not the same for twinkling as for 
steady images" There is no help but to treat each plate 
as a document apart and to assign its constants inde 
pendently , and this is to adopt an expedient not to employ 
a system 

Hor does the scale of photographic effectiveness agree at 
dll closely with that of visual sensibility Colour has in this 
respect a strongly disturbing mfluence The qyack vibrations 
at the blue ena of the spectrum are those most active m 
releasmg silver from chemical bonds Blue stars are con 
sequently far more and red stars far less conspicuous self 
prmted than to the eye Photographs of chromatic double 
stars thus show curious reversals a smaU blue companion 
often coming out superior to its yellow or leddish primary® 
And tinted stars too famt for colour discrimination with the 
telescope can sometimes be picked out on a negative simply 
through anomalies of relative magnitude How differences 
of this sort occur not only in isolated cases but methodically 
Their frequency as Professor Kapteyn discovered in measuring 
the Cape Durehmusterung plates, depends upon celestial 
situation It varies with galactic latitude And the in 
e-mtable inference was drawn that the stars of the Milky 
Way are m general bluer than the stars in other regions of 

^ Astr Nach No 2884 

Gill Introduction to Cape PhotograpMc DurcftmusUrung p 24 
^ Espin Observatory vol yii p 247 
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the sky ^ Thus photographic photometry has a very im 
portant bearing upon studies of sidereal construction But a 
settled basis of piinciple is needed to give its results the full 
authority that should belong to them At present actinic 
magnitudes are derived very much at the discretion of individual 
observers Perhaps the best way of treating them would be 
to take them for what they are worth abandoning attempts 
to reduce them to scales of visual magnitude They aie worth 
a great deal^ In some respects perhaps even moie than 
magnitudes estimated by the eye For then enumeration 
and classification may supply both geometrical and physical 
data regarding the stars, indications that is to say as to 
their airangement in space, and indications besides of their 
assortment by affinity of constitution into indefinitely vast 
aggregations 

The photometry of nebulae has so far obtained less than 
its due meed of attention Sir William Huggins ascertained 
in 1866 the extreme intrinsic faintness of such objects® and 
theie the matter rested until the univeisal agency of the 
camera was made available Then, in 1884 Mr W H 
Pickering described a mode of constructing a scale of photo 
graphic intensity by exposing a number of small squares at 
one side of a sensitive plate to a known light source during 
different intervals of time^ These developed with a nebula 
picture subsequently imprinted afford so many terms of 
comparison for the lelative brightness of its parts He drew 
in this way a set of isophotal contours in the Orion nebula 
and the map representing them constitutes a record of present 
inteiest, and of possible futuie impoitance The absolute 
brightness of the formation in the central ' Huygenian 
region was found to range between 70 and 140 units the 
adopted unit being one millionth of the light given by i 
standard pentane lamp Ho furthei equally systematic 
attempts have been made to determine the luminosity of 
nebulae , although its variability assuicd in some cases 

^ IntToduction to Ca2Je JPhotograpJm Duichmu'iteru'iuj p 22 

2 Gill p xii 7Wt( 

^ Ph%l Trans vol clvi p 392 Cl J E Goio Ohseimtory May 1905 

^ Proc Ame7 Acad vol p ^12 Ifarvaid Annals vol xxxii p 16 
Sir W Abney independently two yens later invented a similai device N'atuu 
vol xl p 472 
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suspected in many more, stiongly suggests the desirability of 
establishing a fixed plan of measurement 

There is scarcely one of the numerous tasks of nebular 
astronomy that cannot be better performed photographically 
than visually In the simple perception of faintly illuminated 
surfaces the quickly fatigued hvmg retina is left fir 
behind by the imperturbable gaze of a sensitised plate, in 
their delineation the subtlest human hand is at a similar 
disadvantage Professor Holden gave his testimony to the 
effect that every important result reached by his four years 
study of the Orion nebula with the 26 inch Washington 
equatoreal and very many not comprised in it were attained 
■by Dr Common s subsequently taken photograpli which 
required an exposure of only forty minutes^ Spectroscopic 
inquiries both stellar and nebular are enoimously facilitated 
by the substitution of permanent autographic records for sets 
of qmvering hues caught in their mean positions only by a 
keen glance at critical moments and constantly liable to 
effacement by atmospheric waves It is true that the range 
of observation is not the same m both cases The plates 
m ordinary use ignore the lower end of the spectrum, but are 
affected by the higher vibrations which by their quickness 
and shortness evade the eye Orthochromatic plates, 
sensitive to yellow and red rays can, however be produced 
by staming with eosm and other coal tar dyes , but their 
use IS attended by some inconvenience Uniformity of light 
action can scarcely be secured with them , they respond to 
it with a certain caprice , and are hence apt to yield specti i 
of a somewhat patchy brightness 

The wonderful comprehensiveness and adaptability of this 
method are strikingly apparent in the results obtained since 
1886 at Harvard College By no other means could the 
spectroscopic stellar survey executed there and at Arequipa 
its southern dependency have been carried out on so great x 
scale The results constitute a veritable spectroscopic Durch- 
musterung complete to about the ninth magnitude , and the 
work IS now being extended to fainter stars The manner in 
which it was conducted although described by Fraunhofer and 
Secchi was virtually novel A prism large enough to cover 
1 Overland Monthly November 1886 
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the entire object-glass is placed in float of it The stellai 
beams are thus analysed before they are concentxated , every 
stellai image is transformed into a prismatic riband , and stais 
by the dozen or by the score pimt then sepaiate spectra on a 
single plate with a single exposure Sht and cylindrical lens 
are alike rejected , the diurnal motion is employed to widen 
the spectral hands suf&ciently to bring out then distinctive 
features That is to say the stars are allowed to tiail 
slightly acioss the dnection in which their light is dispersed 
The results are admirable, innumerable lines are clearly 
lecorded , but the highest degree of accuiacy cannot in the 
absence of any system of reference-lines be given to deter 
minations of then positions Mrs Fleming s scrutiny mean 
time, of the records thus piofusely accumulated has led to the 
discovery of hundreds of objects remaikable for the unnsual 
cpuality of their light, and the spectra of about 1800 bright 
stars pliotographed on a larger scale with more powerful 
instiuments m the northern and southern hemispheres have 
l)een discussed and catalogued respectively by Miss Maury and 


Miss Cannon 

For detailed identifications the more laborious plan 
adopted by Sir William Huggins in 1879 is still pursued 
The stars are taken one by one, their rays axe admitted 


thiough. the postern gate of a slit and lecoid their peculiarities 
sidL by side ■witb a compansoii spectium providing starting- 
points for mensurement The Atlas of Stellar Spectra 
published by Sir Wilham and Lady Huggins in 1899 
exemplifies the perfection, with ■which details othei'wise 
luiccossible can thus be brought into view Glass which is 
stiongly absorptive of the shorter wavelengths is excluded 
hom their apparatus The stellai rays admitted to it aie 
concentrated by an 18-mch speculum and dispersed by q.uaitz 
piiams Introduced by Sii Wilham Huggins m 1868 the 
spectroscopic method of determming stellai motions m the line 
()1 sight was peifceted, ten yens latei by the change of venue 
oltccteci on the mitmtive of Di Togel fiom the eye to the 
phtc Its superiority has in this difiicult hianch tiium 
nluntlT asserted itself The precision photographical 
att unable in measuring spectral shifts is chiefly due to e 
viitual elimination of the effects of air-trouhles The fines 
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liom which information as to movement has to be gathered 
depict themselves in their normal places Their waverings 
so baffling visually are chemically ineffective 

Nor IS it only here that the autographic mode of pro 
cedure attains a refinement on a par with its power The 
subtlest problem of stellar astionomy is that of annual 
parallax It leaves room for no compromise in the mattei oi 
accuracy yet it has been solved with the aid of the camera 
Professor Pritchards caieful and pei severing experiments 
estabhshed the validity of photographic determinations of 
parallax and so furnished to the sidereal armoury a new 
weapon of precision and long range It happens moreover 
that the objects most inviting to the one mode of treatment 
are precisely those reached with difficulty by the othei 
Stars too faint for the eye to deal with satisfactorily come out 
on negatives in neatly measurable form, while the blighter 
stars suitable for observation with the telescope and micro 
meter give distended photographic images unpromising for 
exactitude 

There are indications that reflecting telescopes will befoie 
long regam the position of preference which Fraunhofei s 
skill in grinding lenses forced them to abdicate They have 
over their rivals the special advantage of being perfectly 
achromatic , they collect at one focus all the rays visible and 
invisible striking them This the very best refractors fail 
to effect However skilful the combination of different kinds 
of glass a large amount of light is necessarily ' thrown 
away ^ Opticians have to choose what sections of the 
spectrum they will turn to account and neglect the rest 
Photographic refractors are for this reason useless in oidinary 
observation The images they give are wholly built up out 
of blue light while the light proper for seeing by wanders 
unserviceably astray The plates exposed with them must 
accordingly be sensitised in correspondence with the mode of 
their correction No tolerable results could be got with 
orthochromatic plates in the Henry telescope 

These drawbacks are nevertheless to a great extent out 
weighed by countervailing prerogatives Eefractois are more 
manageable than reflectors They are less sensitive to slight 

^ Sit H Grubb Monthly Not%ces toI xlvii p 309 
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strxins less intoleiant of unequal pressures, they accommo- 
date themselves better to mechamcal exigencies can be more 
rigidly mounted hence made to follow more stiictly the 
circling of the sphere and so to keep a steadier hold of the 
objects in the field of view Wheie measures of precision are 
chiefly aimed at choice is thus naturally directed to them 
and they have been stamped as the official instruments of 
celestial photography by their adoption for the vast 
star -charting operations decided upon at the Pans Con- 
gress of 1887 The splendid nebular pictures on the other 
hand obtamed with reflectors by Common and Eoherts, 
and more recently m America by Keeler and Eitchey prove 
their superlative fitness for tasks of delineation More- 
over their future extensive emplojment in spectrographic 
work seems inevitable With lefiactois the range of 
good spectral definition is narrowed by their inequalities 
of focal concentration while leflectors display m uniform 
distinctness the whole light gamut from end to end This 
point of superiority is very impoitant since a paitial view 
of stellar spectia is m many cases not only unsatisfac 
tory but misleadmg All telescopic vaiieties in fact find 
their place in the boundless fields of photogiaphic reseaich 
Miirors do not exclude lenses , instruments of short focus 
hive a special function while foi other purposes those of 
long focus aie pieferible The needs of sideieal investigation 
are manifold , they claim subventions fiom every quarter , 
they invoke the most diversified foims of assistance And 
their demands have been met by a generous largesse of 
inventions and contrivances 

The foundation of steEir astionomy is as we have said in 
infinitesimal iccuracy It could not otherwise exist, since the 
quantities concerned are so small as to disappear amid the 
errors of rough observations But for its progiess something 
nioie IS icquired A few scattered items of knowledge do not 
constitute a science The word implies the suffusion of a 
subject with mtellectual light derived from large mferences 
D iige inferences howevei must be based on a plentiful store 
of facts , and the facts collected by sidereal study are even yet 
lew comp ircd with its innumerable objects They are indeed, 
being continu illy multiplied The alhance with photography 
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has widened the basis of reasoning without impairing its 
security By no other means could the desiied information 
be supplied not only in abundance but with the needful 
promptitude For to a certain extent the work has to be 
done against time Just as rapid intuitions are necessary for 
followmg a long tram of mathematical reasoning because 
where the steps are laboured the wearied faculties at last 
lefuse to continue to take them so some degree of forward 
impetus IS indispensable for sustaining the universal interest 
which gives a subject its vitality but declines to follow too 
tardy an exchange of one halting place for another 

Thus not merely what it can do but the rate at which it 
can do it has to be considered in estimating the value of 
photography as an aid to astronomy And there is little fear 
of its admitting lassitude through sluggishness of pace It 
keeps up a very Sturm und Drang of piogiess The 
decuple powers of enumeration desiied by Homer for catalogu 
ing the crowd of Greek ships aie fai outdone by it Its 
instrumentality, moreover, came to hand just when the 
multitudinous character of the problem set by the heavens 
began to be grasped in all its formidable reality 

The swiftness of the photographic method is due not 
alone to the great number of objects it can register together 
but to the dispersion and division of labour it makes possible 
Eecords obtained by it have the enormous advantage of being 
permanent They fix the flitting incidents of the heavens as 
the phonograph fixes the transient accents of the human 
voice All the scanty hours of unclouded darkness can thus 
be devoted to securing materials for subsequent investigation 
in daylight or bad weather Innumerable experts may be 
employed in this way at remote places and with different ends 
m view A single negative may be communicative regarding 
stellar photometry distribution parallax proper motion , its 
comparison with others serves to test variability or even to 
fix the epoch of some mysterious sidereal cataclysm Yet the 
possession of pictures of celestial objects does not in itself 
constitute an increase of knowledge They contain latent 
information just as the skies themselves do but the educing 
process by which it is made Bens%ble is as necessary in the one 
case as m the other Zeal in securing them is accordingly of 
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slight avail without ludustry m discussing them whether 
peisonally or by deputy, for astrographical tasks are easily 
capable of delegation Star prints are indeed usually dealt 
with by specialists in measurement whose skill has been 
rewarded by many noteworthy discoveries Those too 
that the future has in reserve will doubtless fall much more 
freely to the share of investigators armed with microscopes for 
the bisection of star dots on glass plates than of telescopic 
watchers of the heavens 

Hot that the telescope is, or ever can be superseded On 
the contrary the enlargement of its capacity becomes more 
desirable with every fresh addition to the apparatus used in 
conjunction with it Modern sidereal astronomy may be said 
to hve on hgM Large telescopic apertures are a sine qud 
non for its growth and activity A considerable proportion 
of the objects it has to do with are in fact beyond the range 
of small instruments It is however as important to 
economise as to collect the far travelled rays from the stars , 
and in this direction little has been accomplished Under 
the best conditions no moie than 5 per cent of the light 
striking the 40 inch object glass of the Yerkes refractor 
actually reaches the sensitive film after transmission through 
the great Bruce spectrograph , and although the waste in 
other forms of apparatus is less formidable m amount, they 
cannot yield results of equal precision For obtaining legible 
records of the faintest spectra none can compete with the 
slitless spectrograph employed in connection with the Crossley 
reflector at the Lick Observatory How much of the incident 
light it turns to account has not been ascertained , but stars 
ol the fifteenth magnitude have none to spare and their rays 
can be successfully analysed on Mount Hamilton 
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CHAPTEE III 

THE STARS AS SUNS 

The stars speaking broadly, are suns But what is a sun ^ 
We can only reply by taking function into consideration A 
sun IS a great radiating machine, and the obvious criterion 
for admission to the order is fitness for this office Qualifi 
cation to be a centre of light and heat is the dominant 
characteristic of each of its true members Now the solar 
emissive activity is concentrated in a shining shell of clouds 
known as the photosphere ' which the entire energies of the 
orgamsm (so to speak) seem directed to maintain and renew 
And with reason, since its ef6.ciency as a radiator depends 
perpetuation of the condensing process by which 
this brilhant surface is produced 

The possession of a photosphere must then be regarded as 
an essential feature of the suns of space But such a struc 
ture can only be formed in an incandescent atmosphere, the 
action of which modifies more or less powerfully the light 
traversing it The spectroscope can in fact, alone decide 
whether a given sidereal object be, in the proper sense a sun 
Eor it is not so much the quantity as the quality of its radia 
tions that determines the point They must be such as can 
be supposed to emanate from condensed and vividly glowing 
matter bathed in cooler though still ignited vapours That 
IS to say they must, when dispersed by refraction or diiBfrac 
tion constitute a fundamentally unbroken prismatic band 
marked %nc%dentally by eiffects of absorption A continuous 
range of vmd hght crossed by dusky Imes is hence the dis- 
tmctive spectrum of a sun 

The enormous light power and so far, the solar nature of 
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the stars followed as a corollary from the Copermcan theory 
since at the unimaginable distances implied by their apparent 
immobility while the earth performed its vast circuit they 
should otherwise have been totally invisible But the analogy 
could be strictly tested only by spectrum analysis and it 
proved virtually complete Complete that is, for the great 
majority of the stellar populace There is a residuum in 
which it IS impaired , there are a few scattered instances in 
which it IS actually overthrown 

This degradation of type shows itself in different ways 
Absorption in some cases becomes so immoderate as well-nigh 
to smother the original light of the star , the atmosphere in 
others outshines the photosphere giving rise to bright instead 
of dark lines in the spectrum, while in certain objects a 
similar effect appears to be produced rather by a paucity of 
photosphenc, than by the intensity of atmospheric radiation 
When the failure has gone so far that the light of a seeming 
star analysed with the spectroscope is found to consist chiefly 
of isolated rays of various colours then the object approximates 
more to a nebula than to a star It certainly cannot lay claim 
to the designation of a sun 

But as in the other kingdoms of nature, so here , there are 
no abrupt transitions Continuity is everywhere maintained 
The descent from a perfect sun to an undoubted nebula 
IS effected without interruption Hence, inevitably some 
uncertainty in classification Broad divisions are easily 
established but hard and fast outlines to those divisions 
cannot be drawn Frontier instances ' abound and compel 
recourse to somewhat arbitrary distinctions We propose 
in the present chapter to consider only bodies of assured 
status with radiative machinery in full working order — 
bodies, as to the essentially sun like nature of which there 
can be no difference of opinion 

The four spectral types discriminated by Father Secchi 
still form the basis of arrangement They may conveniently be 
designated as Sirian and solar Antarian and carbon stais all 
showing continuous spectra crossed by dark lines of absorp 
tion to which in the two last varieties dusky bands and 
flutings are superadded The Sirian order however, as 
originally described included certain bright stars with seem 
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ingly blank spectra prominent chiefly in the constellation 
Orion 5 and these have gained such importance through the 
discovery of teriestrial helium as to compel their relegation to 
a class apait Thus Secchis white stars have as it were 
spontaneously ranked themselves into two great battalions 
and we shall consider first those that came last to full recog 
nition 

Stars of the Oiion quality aie puiely white , their light 
approximates to being in the native state , that is to say it is 
scarcely modified by the arresting action of their atmospheres 
Yet it IS not wholly characterless Hydrogen and helium, 
especially have left their stamp upon it Fig 1 of Plate II 
reproduces by the kind permission of Professor Pickering a 
spectrograph of 6 Ononis the middle star in the Belt taken 
at Arequipa November 10 1896 with the 13 inch Boyden 
refractor The dispersion was produced by means of a tram 
of prisms in front of the object glass , no slit was used 
consequently no comparison could be made available , and the 
exposure allowed was of 106 minutes The darkening at 
either end is due to the limited range in sensitiveness of the 
plate employed Helium lines are nearly as strong as those of 
hydrogen in the spectrum of € Ononis , and their association by 
Sir Noiman Lockyer and others with the newly unearthed gas 
encouraged Dr Vogel late in 1895 ^ to search foi further 
signs of their presence in a large collection of stellar spectro 
grams prepared at Potsdam by Di Wilsing To his surprise, 
he found Orion stars to be fairly numerous all over the sky , 
and the late Mr McClean s researches proved them to be still 
more prevalent in the southern than in the northern hemi 
sphere 

They are, for several reasons of particular interest 
Sidereal genealogists assign to them a very early standing 
They seem indeed to occupy a position intermediate between 
true nebulae and Sirian stars This conclusion is enfoiced 
first by the visibility of nebulous appendages attached to 
many helium stars , next by the low density which is one of 
their least doubtful characteristics And it obviously implies 
that they have made less progress in contraction through 
cooling than globes of more substantial build But even 
^ Sitzungsbenchte Berlin October 24 1895 
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among helium stars themselves gradations of age are per 
ceptihle Miss Mauiy arranged them into six groups ^ cone 
spending it was plausibly supposed to so many stages of 
advance in condensation One of the eailiest of her stais 
6 Ononis is significantly placed at the coie of the great Eish 
mouth nebula , and in the species to which it belongs metallic 
absorption is barely discermble while some peculiar lines 
identified with hydrogen by Pickermg and Eydberg come into 
view together with a few delicate triplets shown by McClean 
to originate from oxygen Hehum and hydrogen are besides 
represented by their usual sets of rays Although some 
advance from the immature state of d is marked by the spectrum 
of e Ononis it still bears the impress of oxygen and ‘ cosmic ’ 
hydrogen Silicon absorption is unmistakable in Bellatrix , 
y3 Crucis one of the gems of the Southern Cross is an 
exemplary oxygen star , and at the stage reached by Algol 
and Eigel primitive symptoms have been superseded by the 
clear emeigence of magnesium and calcium absorption 

To resume Helium stars have these special features They 
possess envelopes of helium capable of selective action upon 
light Some among them and notably those with nebulir 
affinities show dark rays of oxygen and cosmic hydrogen In 
all metallic absorption is feeble The photospheric radiance 
of all spreads abroad into space sensibly unmodified by atmo 
spheric stoppage Finally they tend to congregate in the 
Milky Way particularly in the southern hemisphere 

Sinan stars resemble then predecessors in their brilliant 
whiteness and comparative freedom from atmospheric encroach 
ments There is little or no trace m them of the general veil 
ing effect by which our own sun is shorn of a large proportion of 
his more refrangible beams The Siiian spectra although not 
intact are entire and are hence especially strong in their 
ultra violet sections To this immunity from absorptive 
attacks theie is one remarkable exception The sign 
rnanna.l of hydrogen is stamped upon them with extraordinary 
intensity A number of metals are also present but they 
show fines too faint and fine for eisy recognition Eraun 
hofer s D the ubiquitous double fine of sodium is neverthe 
less obvious as well as the K of calcium and the blue ’ 
^ Harvard Annals vol xxviii p 15 



38 


THE SYSTEM OF THE STAES 


line of magnesium With the best definition too multi 
tudinous fine striations a large proportion of them due to iron 
can be photographed Thus in the spectrum of Sinus (see 
Plate II Fig 2) Mr S A Mitchell counted on his plates 75 
lines in the restiicted section comprised between two consecu 
tive hydrogen lines (Hy9 and Hy) ^ 

Photography has indeed played an essential part in the 
investigation of Sirian spectra The strength of their ultra 
violet radiations lends to the method peculiar efficacy in 
dealing with them, and the advantage was turned to the 
fullest account by Sir William Huggins in 1879'’ The 
impressions secured by him with an apparatus from which 
glass was wholly excluded afforded a discovery memorable 
not in the history of astronomy alone but in that of mole 
cular physics as well 



Fia 1 —Spectrum of Hydro en m White Stars (Huggins) 


A photograph of the spectrum of Vega obtained with one 
hours exposure contained twelve strong lines (shown in Fig 1) 
forming a group in obvious rhythmical connection They 
crowd together more and more as their wave lengths shorten 
A common origin for the entire at once suggests itself and 
on the ground that its two most refrangible members were 
already known as hydrogen lines Sir William Huggins did 
not hesitate to pronounce hydrogen responsible for all His 
inference has been amply justified Seven of them proved to 
have been, a short time previously, photogiaphed directly from 
glowing hydrogen by Professor H W Vogel , ^ and the com 
plete set was similarly procuied later by M Cornu but with 

^ Astroph Journ vol x p 32 
^ Ph^l Trans vol clxxi p 669 
® Astr Nach No 2301 
^ Journal d& PJiysfique t v p 341 (1886) 
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extreme difficulty Although the purified gas filhug the 
capillary tube placed in front of the slit was excited by 
powerful electrical discharges its highest radiations took no 
less than three hours and a half to get satisfactorily printed 
Some idea may thus be gained of the intense incandescence 
reigning in the remote stellar atmospheres from which they 
were first derived 

The law regulating the sequence of hydrogen lines was 
assigned by Balmer in 1885^ It is a purely empirical 
formula that may be modified at will, yet since it has 
availed not only to connect together numerically lines already 
observed, but also to locate additional ones it must corre 
spond to something essential in nature The members of the 
^ Huggins series are really indefinitely numerous They 
crowd up towards a limit in the ultra violet which like the 
asymptote of a curve is continuously approached yet never 
actually attained Subjoined are the wave lengths, in ten 
milhonths of a millimetre of the first twenty as given by 
Dr Kayser^ Their designation by the letters of the Greek 
alphabet is now all but universal 


Designation 

Way© length 


Designation 

Wave length 

H a 

6663 07 (Frauiihofer 

sO) 

H A 

3734 51 

H/3 

4861 62 ( „ 

F) 

H fJL 

3722 08 

H 7 

4340 63 (near „ 

G) 

H V 

3712 11 

H 8 

4101 90 ( , 

h) 


3704 00 

H c 

3970 22 ( „ 

H) 

Ho 

3697 29 

H t 

3889 20 


Htt 

3691 70 

Hi? 

3836 53 


Hp 

3686 97 

H e 

3798 04 


Ho* 

3682 96 

H 1 

3770 77 


Hr 

3679 49 

H /c 

3760 30 


H V 

3676 40 


Theoretical hmit A 3646 13 


This 

senes was believed 

to be 

solitary until Professor 


Pickering announced in 1897^ his identification of a com 
panion set of lines in the peculiarly constituted southern star, 
^ Puppis Much knowledge had by that time been gained 
regarding spectral series The pattern set by hydrogen had 
been found to be conformed to with variations by the 

^ Wiedemann s Annalen Bd xxv p 80 
2 Kandbuch der Spectroscojpie Bd ii p 506 
^ Astroph Jov/rnal vol v p 92 
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emissions of a number of other substances , and what might 
be called a typical arrangement of three senes linked together 
by a slightly modified common formula had come to be recog 
nised as prevalent This triple set consists of two subordinate ' 
series converging towards the same limiting wave number ^ and 
a principal senes composed of much more widely sepaiated 
lines Now Pickerings series is constructed accordantly with 
Huggins s senes , it runs up to an identical head in the 
ultra violet , and was hence at once and beyond the possi 
bility of mistake associated with hydrogen Yet it cannot 
be procured artificially We aie entirely ignorant of the 
conditions under which it is displayed It is only certain 
that they prevail in early helium stais and have become 
abolished by the time the Sirian stage is reached 

The fact is a memorable one that the true character and 
full extent of the hydrogen spectium became known through 
astro physical inquiries It shows with what curious un 
expectedness the obligations of one science to another may 
be repaid and exemplifies the advantages to be reaped by 
terrestrial chemistry from extending its experimental lange 
to the heavenly bodies The white stai set of rays has 
furnished a clue to many a spectral labyrinth and its under 
lying prmciple of order has been proved by extended 
laboratoiy research to be of vital importance in molecular 
physics The modulated behaviour of different rhythmical 
series under varied treatment is profoundly significant, and 
indicates one of the most promising methods for probing the 
secrets of material structure and ethereal relationships 

Disproportion in strength between hydrogen and metallic 
lines reaches a maximum in the spectrum of Sinus, a section 
of which from a superb Harvard photograph, is shown in 
Plate II Fig 2 Helium makes no effect in it, and the 
change of type from e Ononis could be discerned — even if 
every other symptom of it were absent — from the substitution 
for the ^blue ’ helium line (at X 4472) of a dark magnesium 
ray slightly less refrangible This trait of magnesium absorption 
IS relatively much stronger in Sirian stars than in the sun and 
his analogues, and a particular meaning is lent to the dis 

^ Wave numbers or frequencies of vibration are tbe reciprocals of wave 
lengths and are always substituted for them in numerical calculations 
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crepancy by tbe circumstance that the hne in question is (in 
Sir Norman Lockyer s phrase) ‘ enhanced in passing fiom the 
electric arc to the spark Sihcon is the only non-metallic 
element besides hydrogen identified in Sinus , and here again 
the identification is by means of Imes intensified in the electric 
spark 

An exposure of eighty two minutes with the 13 inch Boyden 
refractor was given at Arequipa to the negative from which 
Plate II Fig 3, is copied The spectrum represented is that of 
the magnificent Canopus (a Carinas) The diminished width of 
the hydrogen hnes and the augmented conspicuousness of the 
oalcimn K signify a declme from the condition of Smus 
towards that of our sun Many distmctively solar lines have 
asserted themselves , yet no less than twenty members of the 
hydrogen series may still be seen or photographed while on y 
four can be clearly made out in the sun There is reason 
to believe that the measure of their affluence gives a searching 
test of stellar constitution 

Although the hydrogen spectrum is dominant thioughout 
the first order of stars it is not m all represented with equal 
emphasis The diffuse lines constituting it m Sinus and 
Vega show in descending gradations of fineness, in Castor 
Fomalhaut and Altair They appear, moreover, less solitoy 
in proportion as they become less intense Their aU but 
exclusive possession of the ultra violet field is progiessively 
encroached upon by the development of other spectral lines 
The CO ordination of the two kinds of change may be expressed 
by the general statement that the fromanenee of rays due to 
adsorphon ly metals %n the spectra of wUte stars varies in 
versdy with that of the hydrogen series When the hydrogen 
rays become effaced from the mvisible and cease to dominate 
the visible part of the spectrum the second, or solar type of 

stars IS reached 4 . 1 , ^ 

These are about one sixth less numerous than the hist 
kind We may take as examples Capella a Ursse Majons 
a Cassiopeise a Aiietis e Cannae a Serpentis Aldebaran, and 
Aicturus The pole star Procyon a Leporis and a Persei, 
stand nearly midway between the two groups 

A golden tinge like that of sunlight betokens in stars of 
the second order, a spectrum more or less perfectly similar to 
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that of the sun delicately ruled from end to end through the 
absorptive effects of a great variety of metallic vapours , non 
metallic substances are represented only by hydrogen associated 
in the sun with silicon oxygen (a trace), and carbon The 
extent to which the hues are crowded together may be judged 
of from the photographed spectrum of Capella depicted in Plate 
II Fig 4 Dark hydrogen rays are present but with no pre 
eminence and No 5 of the series (He) probably lurks concealed 
within the shadow of an obscure diffuse band which covers its 
place This band was named by Fraunhofer H and its com 
panion a httle higher up is designated K The pair form the 
most strongly marked feature of the spectrum of calcium when 
raised to the highest pitch of incandescence , the ordinary 
flame of the substance shows them but dimly 

They are peculiarly characteristic of the spectrum of solar 
prominences Daylight observations at the edge of the sun 
disclose them as invariably brilliant m the chromosphere and 
shining up to the very summit of each one of its fllame like 
extensions Moreover during the total eclipse of May 17 
1882 the violet radiance of H and K flooded the shadowed 
part of our atmosphere and dimly illuminating the purple 
disc of the moon, was scattered far out among the ' aigrettes 
of the corona 

Corresponding symptoms of the phenomenal importance of 
calcium vapour in the sun s economy had been already de 
tected by Professor Young in the course of his daylight 
spectroscopic observations But they were not fully appreciable 
until photography was made available for their continuous 
investigation H and K he at the verge of the visible 
spectrum , the eye perceives them with some difficulty , 
while the chemical retina is extremely sensitive to their 
vibrations Further the black bands due to their absorption 
have in the Fraunhofer spectrum dark shadings symmetri 
cally attached to them by which the bright rays of the 
same refrangibility used in prominence photography are 
effectively sheltered against atmospheric glare This con 
venience was amply turned to account when Professor Hale 
and M Deslandies independently adapted to the purposes of 
daylight solar photography Janssens invention of a double 
slit for isolating individual qualities of light In particular. 
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it led them both to the discovery that the sun s disc is over- 
spread "With wreathed shapes of glowing calcium designated 
by Professor Hale “ flocculi, and regarded as expansions 
of vaporous masses lying at the base of the chromosphere 
and fed by mounting torrents from the suns interior’' The 
intensity of their radiation appears anomalous and may he 
thinhs, need to be explained otherwise than by mere elevation 
of temperature 

Presumably all solar stars possess calcium- appendages 
equally "well developed with those of the sun Their spectra 
are impressed with the same powerful H and K absorption , 
and it IS hardly conceivable that a stamp so peeuhar, and 
so emphatically impressed should have a different meaiung 
m them from that deciphered m the one star accessible to 
interpretative research The calcium H falls nevertheless 
very near indeed to the hydrogen He (see Plate II 
the difference of their wave lengths amounting to no more 
than one ten millionth of a millimetre and it is only on the 
best negatives that they can be separately distinguished 
Usually either the hydrogen Ime is so widened as to mask 
the calcium line or the calcium line as to enwrap the 
hydrogen Professor Young however saw them side by 

side bnght during his observations of prommences m 18V9- 
1880, and they appeared dark m a photograph of the spectrum 
of a Cygm taken at Harvard College bTovember 26 188 6 
In this star a spectrogram of which taken under Professor 
Pickerings direction m 1893 is reproduced m Plate III Pig 
1 the hydrogen rays have thinned down almost to their solar 
condition, while other metalho hnes are fine yet pronoun(« 
Such a critical balance of conditions alone made possible the 
individnahsation of the two Imes on the earher Harvard plate 
Thus while the double origm of H opens the -roy to 

misunderstandings the state of the calcium-hne at ^ K is a 

most useful index to the physical condition of a star ISe 
to the mode of appearance of the hydrogen series it is 
perhaps the feature most deseivmg of study in analysed star 
light The substance emittmg both H and K is J 

of first rate importance among the vapours surrounding the 

1 PuU^caUons of the YorUe Olseroatory jol ui part i p 16 
2 As Sir Villiam Hriggins pointed out in Ib/y 
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sun And that it is in fact, the metal calcium in a highly 
rarefied state was proved hy the experiments of Sir William 
and Lady Huggins in 18 O'? ^ The hypothesis of its dis 

sociation in the sun thus remains unverified It is true 
that the twm Imes H and K differ in their relationships from 
most of the other component rays of the calcium spectrum 
They stand aloof from any arrangement into series, they 
exhibit special effects under pressure and — we may add with 
approximate certainty — in a magnetic field Such personalities 
of behaviour in spectral lines are familiar in the laboratory 
as well as m the heavenly bodies They do not seem to 
indicate a compound nature (as ordinarily understood) in 
the emitting element, yet they undoubtedly suggest a less 
rigid uniformity of structure among its minute vibrating 
particles" than had until recently been held compatible with 
the accepted principles of physical chemistry 

Some slight diversity of detail is to he found among 
spectra of the second type In the mam, however they are 
closely alike , and the chemistry of the sun may he called 
normal for all his congeners The model solar star was 
long supposed to he CapeEa , and it is true that in the 
invisible as well as the visible part of its prismatic light, all 
the characteristic solar groups exist in about their solar 
strength Dr Schemer identified with extreme precision 
255 Imes photographed from Capella (between wave lengths 
4124 and 4638) with Imes derived from the sun,® and it 
appeared reasonable to infer an almost perfect constitutional 
similarity between the two bodies Capella has since, never 
theless proved to be a double star with a compound spectrum , 
and the secondary component gives hght resembling that of 
Procyon or Canopus more than th it of the sun Thus the 
ultra violet hydrogen lines distmguishable m the jomt spectrum 
belong to this star and not to the primary body which is 
genumely solar In the sun itself the hydrogen series has 
no more than four representatives Professor Ames was able 
to ascertam through the doak of calcium absorption the absence 
of He its fifth member , * and some vague shadings noticed 

^ Astroph Journal vol vi p 77 
Kayser Eandluck der Spectroscopic Bd i p 579 
3 Astr Each No 2923 ^ Phil Mag vol xxx p 54 senes v 
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by Rowland neai the positions of some of its more lefrangible 
associates are of uncertain meaning Solar stars of pure 
type should then display four and only four dark rays of 
hydrogen, the presence of additional ones gives rise to a 
suspicion of duplicity The chief member of the southern 
star pair a Centauri, again offers a perfect example of a sun 
like spectrum , and this star being the sun s equal in mass 
may be concluded to be similar to it also in temperature 
density and light -power The uses for purposes of com 
parison of an authentic model sun have been expressly 
adverted to by Sir David Gill 

In Aldebaran this standard is pretty widely depaited 
from The pale rose tmt of its light is accounted for by the 
slightness of absorptive effects m the red end of its spectrum 
while numerous lines modify the yellow and green and the 
violet rays are so feeble that with an exposure fifty times that 
required for Sinus Sii WiUiam Huggms its original spectro 
grapher obtained only an impression virtually conterminous 
with the perceptive range of the eye This feebleness of 
chemical action is perhaps due not to intrinsic deficiency of blue 
light but to its stoppage in the vaporous envelope of the star 
The spectrum of Arcturus (a Rootis) varies from the solar 
pattern in the same direction though not to the same extent, 
as that of Aldebaran A section of its blue part is copied in 
Plate IV , Eig 1 from a photograph taken by Professors Frost 
and Adams in 1903 with the great Bruce spectrograph of 
the Yerkes Observatory Spark Imes of titanium furnished 
a comparison spectrum , and the emphatic nature of the com 
cidences gives an idea of the strength of absorption by that 
metal in the star s atmosphere In the sun also, titanium 
plays a remarkable part The lines due to it although 
mostly faint in the Fraunhofer spectrum come out with 
augmented intensity in the spectra of agitated spots, and 
the copious photographic record of its emissions especially as 
obtained by Mr Evershed durmg the Indian echpse of 1898, 
assign it a place among the permanent constituents of the 
solar chromosphere and prominences^ In the spots and 
eruptive appendages of Arcturus we may be reasonably sure 
that it IS stdl more plentiful and active 

^ Maunder The Indian j) 70 
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No line of demaxcation can be drawn between helium 
and Sirian stars on the one hand, or between Sirian and 
solar stars on the other And the presumption is strong that 
the transition from each class to the next is effected by actual 
development , that the same object passes successively through 
the indicated changes The chief reason for hesitation m 
adopting this view is that the various stellar orders are not 
indifferently scattered over the heavens , but we understand 
very httle of what such distinctions really imply There is, 
besides some direct evidence that helium stars are those most 
recently condensed from nebulae Some of them appear to be 
as yet not wholly detached from their cloudy matrices , while 
Sirian and solar stars although they may be projected casually 
upon a nebulous background are probably never m point of 
actual fact nebulous Nor is the supposition admissible — as 
the case stands at present — that helium stars can progress 
to the solar condition otherwise than by the presciibed route 
The intermediate Siiian type must apparently be conformed 
to before the third station on the long journey comes within 
reach Some authorities, it is true believe that it may be 
dispensed with and that a Cygni is an example of stars 
traversmg this evolutionary short cut , ^ but the better 
opinion IS adverse to such a possibility 

We may now briefly reconsider the course and kind of 
modification undergone by the stars so far as we have yet 
taken them into account In the fiist place there is a steady 
increase of general absorption The light of Bellatiix (y On 
onis), for instance attams outer space substantially as it 
left the stars photosphere Its native bluish tinge subsists, 
the proportionate intensities of its variously refrangible 
sections remam unaltered But our sun s proper atmosphere, 
or “ smoke veil arrests a large percentage of his violet radia 
tions The solar disc is indeed quite brownish near the 
edges, because near the edges the light cuts obliquely through 
the reddening strata, and suffers in consequence heavier 
encroachments Could they be stripped off the sun would 
blaze with at least once and a half times its present bright 
ness and would show a steely lustre very dilferent from the 
golden radiance we are accustomed to There is hence no 
^ Scheiner Potsdam PubhcaUomn Bd vii Tli ii p 331 
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warrant for asserting that the emissive outpourings of solar 
orbs differ intrinsically from those of Sinan or of helium 
stars It IS certain only that they are strongly modified hy 
selective absorption which has no appreciable effect upon 
spectra of the earlier types 

The signs of specific absorption, as helium grow into solar 
stars alter by insensible gradations but according to a 
visibly consistent method Erom beginning to end of the 
series there is a steady increase in the number and intensity 
of metallic hues, very notably m those of iron, which, next to 
the giant-bands of calcium constitute the dominating feature of 
the solar spectrum yet are imperceptible m the prismatic light 
of Eigel and Bellatrix Absorption by helium and oxygen ^ 
comes m at the start but has a strictly limited time range 
It scarcely brooks competition sharmg the field only with 
hydrogen in its terrestrial and cosmic forms , metals in the 
earliest stars showing only by a faint stieak of magnesium 
As they begin more numerously to assert their presence 
helium lines become effaced, and those of hydrogen attain 
their maximum development But the Huggins-senes is now 
alone represented for the Pickering set is even shorter lived 
than the helium rays, and it appears exclusively in what are 
supposed to be the earliest stars This is an extraordinary 
circumstance most baffling to comprehension There is no 
other known instance of such independent behaviour on the 
part of a spectral senes Not can its meaning in the total 
absence of terrestrial experience be interpreted by so much 
as a plausible conjecture If the Pickering lines could be 
induced to show in vacuum tubes some basis would be supplied 
for reasonings on the subject, but attempts to elicit them 
have so far, proved altogether fruitless It is also important 
to remember that in the stellar succession, the character of 
metallic absorption changes as well as its strength The few 
traits of it which appear compatible with the display of 
helium are — m Sir Norman Lockyers phrase — 'enhanced 
lines, lines which vivify notably when for the illuminative 
agency of the electric are a disruptive spark discharge is 

^ Frost and Adams suspect that oxygen stars may be trayersmg a road 
parallel to the mam track ol eyolntion P'udl XJnvo&rMy of Chicago vol •vin 
p 107 
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substituted In a general sense it may indeed be said that 
the spectra of the sun and of solar stars imply a state of 
things in their reTersing layers analogous to that prevailing 
in the arc light while in helium and Sirian stars the con 
ditions of the spark aie more nearly reproduced The 
distinction is promising for interpretation , laboratory ex 
periments are here available and give hope of a solution to 
the problem Yet it still in a manner evades our grasp 
Physicists are not agreed as to how the signs they register 
should be read Something will be said in a futuie Chapter 
about their tentative conclusions 



GHAPTEE IV 

THE CHEMISTRY OE RED STARS 

ITeaely all stars of a pronouuced red colour stow spectra 
crossed ty dusky bands of absorption Two varieties can be 
at once discriminated They respectively form Secohis third 
and fourth types Now spectra consisting of bands or flnt- 
ings are given out in the laboiatoiy by compound substances 
such as oxides and chlorides as well as by the chemical 
elements glowing at a low pitch of excitement They were 
formerly thought to originate from molecular line spectra from 
atomic vibiations But this opmion has been much shaken 
by recent experience ^ Trowbridge and Eiehards concluded 
in 1897 * that where electricity is the ihummating agent, 
an oscillatory discharge gives rise to isolated rays, a dead- 
beat discharge to flutings And it is easily understood that 
successive shocks of transmitted energy should evoke more 
intimate thrillings than an even flow Electrical stnnulation 
of any kmd is not however necessary for the production of 
banded spectra, the cool oxygen of our own atmosphere 
stamps the red section of dispersed sunhght with three 
conspicuously dark flutings Moreover a profound diffeience 
in the relationships of the two kmds of spectra is sigmfied by 
the insensibihty of fluted emissions to magnetic mfluence 
They evmce no trace of a Zeeman effect , they remain 
unaltered and imperturbable in the field of the most power 
ful magnet Pressure is similarly impotent to modify their 
wave lengths or structure They are however displaced by 

1 Deslandres Comptes Jtendns t cxxetii p 1013 Dec 14 1903 
2 Amencan Joumcol of Science vol iii p 117 
4:9 
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radial motion in the sanae mannei and to the same extent as 
linear emissions 

Elutings are made up of numerous individual lines set 
more and more closely together towards the ^ head and at 
continually widening intervals towards the tail They in 
fact constitute series on the model of those of hydrogen and 
helium but condensed into a much smaller space The 
numerical formulae representing the principle of their con 
struction have since 1885 been investigated with a fair 
promise of success first by M Deslandres ^ later by M Thiele ^ 
Enough has been done to show that the arrangement both of 
bands in the same spectrum and of lines in the same band 
IS methodical and may eventually be rendered intelligible, 
but the underlying laws are too intricate for immediate and 
full recognition 

In the stars fl.uting absorption is superadded to absorption 
by lines Metallic groovings agreeing in position with those 
of the solar spectrum but somewhat reinforced as a rule in 
strength aid the interception of photospheiic radiations 
dimmed further by a ' smoky envelope chiefly arrestive of 
the shorter wave lengths Thus three distinct forms of 
absorption mark their effects in banded spectra and seem to 
betray the action of deep and dense vaporous strata Hence 
the redness of the stars And because their photographic 
rays are largely cut off they come out on sensitive plates five 
or SIX times fainter than they appear to the eye Their 
spectra too are recorded with much difficulty In some, 
nearly all the violet and all the ultra violet light is extin 
guished 5 while their blue beams are enfeebled by ciossing a 
triple barrier of absorption Eor purposes of effectual investi- 
gation accordingly, orthochromatic plates have to be em- 
ployed, and these are not free from inconveniences and 
drawbacks 

From Antares (a Scorpii) a remarkably fine specimen of 
the third stellar type, Sir Hoiman Lockyer has conveniently 
designated its members ‘ Antarian stars The flutings in 
their spectra terminate abruptly towards the violet but shade 

^ Comptes Bmdus t c p 1256 %b%d Oct 17 1904 Kayser HandlucTi 
der Spedroscopie Bd ii p 475 

2 Astrojph Journal yol yi p 65 Tin p 1 
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off gradually towards the red, producing to the eye something 
of a colonnaded effect This however is lost in photographs , 
partly because the flutings are discontinued in the higher 
spectral ranges partly because the general impression is over 
borne by the wealth of self-recorded details All spectra of 
this kind are constructed on the same fundamental design 
The principal bands of which ten are counted, reappear with 
essential invariability in every Antarian star ^ A homogeneous 
origin IS thus suggested for them It is unlikely that many 
substances each acting independently of the others are con 
cerned in the weaving of a pattern widely diffused and 
practically unchanging Yet their chemical interpretation 
long remained a source of perplexity Third type absorption 
had no known analogue until Mr Fowlei, in 1904^ thought 
of comparing it with the flutings emitted by titanium oxide 
rendered luminous by low tension electricity They were found 
to coincide very approximately with eight out of the ten star 
bands, and particular resemblances in the arrangement of 
lines within the flutings emphasised the general agreement 
Stellar spectra of the third type thus promise finally to yield 
up then secret , for it must be at least provisionally admitted 
that titanium plays a leading part in giving them their 
channelled aspect Cyanogen flutings too have been photo 
graphed in these stars by Professor Hale and Mr Ellerman , ^ 
but they are of shorter wave lengths than any of the bands 
previously measured They constitute a novel feature of 
uncommon interest as the only symptom so far recognised of 
the presence of carbon, or its compounds in third type stars 
Aldebaran although a solar star is unmistakably of a 
reddish tinge The blue end of its spectrum is heavily 
obscured , and the flutings characteristic of the type towards 
which it seems to be advancing are just indicated as embryonic 
shadings The object might be called a linking instance 
between Aicturus and Betelgeux (a Ononis) in which titanium 
flutings (if we may so designate them) are fully developed 
while the main features of the Fraunhofer spectrum remain 
unaltered and uneffaced The least possible departure is made 

1 Duller Sur les Monies a Spectres de la Troisieme Classe p 8 
2 Proc Loyal Society Marcli 3 1904 
^ Spectra of Fourth Type Sta'i s p 116 
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from the solar model that is reconcilable mth the complete 
presentment of a different type By comparing Plate II , Fig 
4 with. Plate III Fig 2 our readers cart estimate the close 
ness of the analogy between the hnear elements in the spectra 
of CapeUa and Betelgenx The fonr lowest lines of hydrogen 
are fairly strong in Betelgeux , but in specimens presumed to 
be more adranced they thin out and perhaps disappear 
with the closing in of dense banded absorption A fine red 
star m the Southern Cross 7 Crucis is of nearly the same 
standing as Betelgeux , m a Hercuhs the hands have acquired 
strength through the efhux of time it is supposed and the 
progress of coohng 

Eight or nine metals are easily recognisable by then 
absorption hnes in Antarian spectra Calcium is the most 
promment The notable pair of diffuse stripes in the violet 
due to It are fully the equals of their archetypes in the sun , 
while the flame hne in the bine X 4227 shown as a black 
bar bisecting the spectrum in Plate IV Eig 2 is of greatly 
augmented intensity Iron comes next to calcium in elective 
ness for light-stoppage , and with it are associated magnesium 
sodium, chromium titanium, vanadium, alumiuium strontium 
and probably manganese Ho lines distinctive of the electiic 
spark are present, hut those widened m sun spots stand out 
significantly 

Red stars as we have said, are encompassed with power 
fnlly absorptive atmospheres, and atmospheric density and 
extent aie for some recondite reason accompanied by in 
stabihty in sbimng The radiative machinery tends to become 
clogged fitfully or at definite intervals and irregular 01 
periodical vanahihty results Nor do the spectra of Antarian 
stars remain unaffected by these vicissitudes Their con- 
tinuous radiance brightens and fades unequally in its diffei- 
ently refrangible sections though according to no traceable 
method, the bands mtennptmg it alternately close in and 
thin off, above all vivid rays of hydrogen and other snb 
stances are kindled with the recuiience of the brilliant phases 
and die out as each fresh outbnrst of energy becomes exhausted 
This striking feature was first detected m a spectrogram of 
Mira Ceti taken at Harvard College in 1886 , and scoies of 

long period variables have since, through Mrs Fleming s 
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researches been recognised by their exhibition of the same 
peculiarity Only two of them howevei haTe as yet been at 
all adeq^uately studied Mira has been made the subject of 
some admirable myestigations at the lack Observatory , and 
^ Cygni has been dealt with to good purpose at Potsdam 
during some of its lecent maxima 

The character of the spectrum of Mira is well shown in 
Plate lY, Fig 2, reproduced by the kmd permission of 
Professor Pickering, from a Harvard photograph The two 
blue hydrogen rays (H7 and HS) emerge resplendent , yet the 
green and violet lines (H;S and He) are alike imperceptible , 
while four of the ultra-violet se(j^uence shine brilliantly 
Professor Campbell ascertained by direct observations with 
the great lack refractor at the high maximum of 1898 that 
the crimson hydrogen-line makes no show in this star^ 
Nevertheless m vacuum tubes in the solar chromosphere and 
m bright hne helium stars C is the most vivid member of 
the series In nebulae on the other hand it is usually 
invisible , and thus the unexpected conclusion is forced upon 
us that hydrogen glows in the great irregular nebulae under 
conditions of excitement to those prevailing m variable 
Antarian stars The suppression of the fifth hne (He) is 
universal m such objects and was believed to be complete 
until the missing radiation faintly recorded itself on some of 
the spectrograms of Mira lately secured by Messrs Wright 
and Stebbins at Lick It seemed to glimmer through a dense 
layer of calcium the nearly comcident absorption of which in 
general it effectually This explanation, however needs 

to be further verified It has much to recommend it , yet it 
involves an inversion of the order of stratification as regards 
emitting and absorbing vapours commonly observed in stars 
The tripling of the hydrogen hnes m Mira noted by 
Professor Campbell m October 1898 is highly suggestive of 
magnetic action But the effect though eagerly looked for, 
has not since recurred, and appears to betoken exceptional 
agitation On the same occasion two non hnes previously 
registered as dark came out conspicuously blight , and they 
were again brightened at the maximum of 1902, together 
with a number of others including the principal arc-line 
^ Astrojih Jmm yoI ix p S6 
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of silicon at X 3906 Mr Joel Stebbinsi followed the sUr 
spectiograpliicaUy down to a mimmum at nmth magnrtude 
in January 1903 when a six hours exposure baiely sufficed 
to procure a legible though not a measurable impression from 
rays shorn of the adyentitions glory lent to them by transitory 
gaseous mcandescence The phenomena attending the brilliant 
phases of % Oygni as observed by M Eherhard® are essentially 

similar to those displayed by Mira ^ t , u j 

About 15 per cent of third type stars are established 
variables , and few shine with the constancy of an average 
white star Moreover, those subject to the widest vicissitudes 
have on the whole spectra the least like that of the sun 
They seem to have descended furthest along an inclined plane 
of change for there is no evidence of abrupt departures from 
what was presumably the more primitive type The dis 
tmctions between our sim and a Mira variable though 
strongly pronounced may have been brought about by in 
sensible gradations , and the inference invites, if it do not 
command our assent that no halt can be cried in the evolu 
tionary journey from a stable condition of sun like luminosity 
to the stage of turbulent incandescence marked by the ruddy 
flare of recurrent maxima 

The spectra of fourth-type or “carbon stars resemble 
those of the Antarian kind in bemg marked by linear, as well 
as by banded absorption Them aspect to the eye is illustrated 
in Plate IT Fig 3 copied from M Dun4rs drawings by 
permission of the University Press of Chicago From the first 
Father Secchi recognised the carbonaceous oiigm of the three 
deep shadmgs distmguished in the Figure as B6 B9, and BIO 
They face ledward (to the right) and match respectively the 
yellow green and blue flutmgs of the so-called 'Swan” 
spectrum derived, accordmg to some authorities, from pure 
carbon — according to others, from carbon monoxide But 
these stars are without exception famt , the brightest is of 5 3 
magmtude, and beyond the presence of some stiong lines 
due to iron and sodium httle further could be learned about 
them until more powerful optical means became available 
The completion of the Terkes 40 -inch refractor at last 

AstropJi Town vol 3vui p 341 
® Ihd vol xvm p 202 
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supplied the needed facilities, and in 1898 Professor Hale 
assisted bj Mr Ellerman undertook the spectrographic in 
vestigatiou of fourth type stars Their overwhelming self 
absorption in the Hue made the task seem unpromising , hut 
by the employment of isochromatie plates of different quality 
for the several spectral sections together with exposures up 
to twenty four hours in duration it was successfully executed 
The definite results published in 19 03 are of the utmost 
value ^ They refer more particularly to eight stars, the 
designations and places of which are as follows — 


Name 

R A. (1900) 

Dec (1900) 

Mag 

74 Sohjellernp 

gll 19 m 468 

+14 47 

6 5 

78 Schjellerup 

6 29 40 

+ 38 32 

6 3 

115 Schjellerup 

8 49 45 

+ 17 37 

6 5 

152 Schjellerup (=tJ Hydrae) 

10 32 36 

-12 52 

6 5 (var ) 

318 Birmingham. 

10 38 8 

+ 57 56 

6 4 

152 Schjellerup 

12 24 26 

+ 45 59 

5 5 

19 Piscium 

23 41 17 

+ 2 66 

5 3 (vax ) 

280 Schjellerup 

'3 66 10 

+ 69 48 

7 8 


Of the above six are known by their numbers in a 
Ccctalogwe of Hei Stars drawn up by the Danish astronomer 
Schjellerup in 1866, one is taken from a similar work hy 
John Birmingham of Tuam dated ten years later , and the 
eighth and brightest was enrolled hy Flamsteed On the 
Yerkes plates of their spectra no less than 307 dark lines 
were measured and in part traced to their origins They 
indicated the undoubted action of ten substances namely 
hydrogen calcium titanium vanadium iron sodium mag 
nesium chromium nickel, and manganese and suggested that 
of others The record of cyanogen fiutings in the Hue (see 
Plate T) constituted in itself an important gam to know 
ledge, and still more the discovery that bright Imes are 
profusely scattered among the dark elements of such spectra 
This had heen to some extent perceived by Father Secchi, 
but his observations were only rescued from the discredit into 
which they had fallen hy the sure testimony of the camera 
At present some two hundred rays of emission have been 

^ BeceTinial P'libheahoTis of the University of OMccego toI yiu from yIiicIi 
Plate V IS reproduced hy the courtesy of tlie TJniyeisity Press authorities 
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determined in carbon stars although one only has been 
securely identified This is the hydrogen F which at times 
(for its condition is subject to change) shines conspicuously in 
the peculiar star 280 Schjellerup (see Plate V , uppermost 
spectrum), and more dimly in a few other members of the 
class, while in 19 Piscium the blue and indigo hydrogen- 
lines are dark and no trace of F bright or dark is to be 
found Of the remaining crowd of vivified rays some may 
be due to oxygen and nitrogen one coincides with the funda- 
mental member of the Pickering series of hydrogen, and three 
or four besides fall very near emission rays in gaseous stars of 
the Wolf Eayet variety On the other hand the absoiption 
spectra of carbon stars are extensively composed of linos widened 
in sun spots , the metallic spark lines characteristic of early stars 
have vamshed from them and been replaced by arc and flame- 
Imes held to be an unfaihng symptom of advanced stellar age , 
and it IS associated with variability in light even more pro- 
nounced than that shown by Antarian stars Professor H do s 
general conclusion is that third and fourth type stars should 
be classed together as co ordinate branches leading back to 
stars hke the sun from which they probably develop thiougli 
loss of heat by radiation ^ That is to say an outworn sol ir 
star may descend to extinction by either of these alternative 
downward paths But why one is chosen rather than the 
other remains obscure 

Two circumstances aie however adverse to the view that 
suns hke our own are liable to degrade into carbon stars 
The first is the lack of intermediate specimens Professor 
Hale urges the plea often put forward by embairassed palae- 
ontologists that the record is incomplete , and it may well 
prove vahd He has already picked up some stray connecting 
hnks and it would be premature indeed to despair of more 
bemg found But there is another very serious difficulty 
It relates to the distribution of the stars Those of the 
fourth type are strongly condensed towards the Milky Way 
Their relations to the fundamental plane of the sidereal 
system are quite different from those of solar stars More- 

^ JDecennml Puhhcatwns vol viii p 135 

“ Duner Spectres de la Troisieme Classe p 126 Parkhuist Astroph Journ 
vol IX p 239 Espin ihd toI x p 169 
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Stelki Siectia of the Second Thud and Foiutli Tjie'. in the Bine Region Ihoto^iaphed b} Hale and Elleiinau 
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over, they are evidently extremely remote They seem to 
occupy a legion of space apart from that tenanted by our sun 
and his congeners The incongiuity is then obvious of sup- 
posing that they are united with them in a single evolutionary 
senes 

About 250 caibon stars have, so far, been registered 
Many were detected visually by Mr Espin , but Mrs 
Flemings photogiaphic gleanings have contributed largely 
to swell the total Seven ont of the 250 can just he seen 
with the naked eye, the rest are telescopic objects One 
of the finest specimens is Secchis La Superba (152 
Schjellernp), situated m Canes Yenatici It was so entitled 
for the extraordinary vivacity of its prismatic rays separated 
into dazzling ^ zones red yellow and green hy broad spaces 
of profound obscurity This star shines with approximate 
constancy, 19 Piscium at times surpasses it in brightness, 
but IS subject to temporary deprivations of more than one 
half its light These happen irregularly , many periodical van 
ables however belong to the same spectral type among them 
IT and Y Cygni S Cephei V Hydrse and R Lepons noticed 
by Hind foi its intense crimson colour 

The comparative dimness of all such objects though 
doubtless in part due to their great distance from the earth, 
IS readily explicable by the opacity of their atmospheres 
How much of their intrinsic light escapes absorption can 
only he conjectured , if we put it at a tenth, our estimate 
18 likely to exceed rather than fall short of the truth 
Only loopholes so to speak are left for its exit, and as 
usual, the violet and blue rays suffer most severely hemg 
indeed almost completely smothered The special depth of 
colour in carbon stars is thus accounted for They are not 
merely suffused with red, like Betelgeux and Antares , they 
actually simulate the glow of carbuncles or rubies in the field 
of the telescope Yast and magnificent orbs must be found 
among them Under circumstances less disadvantageous, 
some might well take rauk in the second magnitude of Sixian 
and solar stars , and this apait from any allowance for their 
apparently exceptional remoteness The final dailenmg and 
death of fouith type stars may then be reckoned as a con 
tingency too far off for definite realisation 



CHAPTER Y 

GASEOUS STARS AND NEBULAE 

Gaseous stars form a restricted and pecnliai class The 
objects belonging to it are characteiised by the display in 
their spectra of isolated bright and dark lines on a moie oi 
less perfectly continuous background They present us then 
■with a triple combination — a d%rect gaseous spectium a 
reversed gaseous spectrum and a spectinm due to glowing 
solid or liquid matter all simultaneously made manifest by 
the unrolling of a single scroll yet each originating under 
Yery different conditions The true discrimination of those 
conditions tasks all the resources of physical sidereal 
astronomy 

The state of bright emission is in some stars normal in 
others it only snperYenes as part of a great general increase 
of light It IS not limited to any one period of sidereal 
existence Stars barely condensed from nebnlse sometimes 
show bright lines and the symptom is (as we have seen) apt 
to recur at the advanced stage leached hy red stars with 
banded spectra Only Sinan and solar stars are exempt 
from the tendency , helium stars are peculiarly liable to it 
It would thus seem that the stars capable of yielding mixed 
spectra of absorption and emission are those either unfinished 
or verging towards decay while during the intermediate 
epochs of vigorous maturity absorption is alone effective 
The term gaseous however should be xeseived for inchoate 
orhs Those giving bright lines are probably distended 
far beyond the solar proportion of size to mass, and their 
spectra hear the distinctive marks of helium, frequently of 
cosmic hydrogen and not rarely of oxygen and nitrogen 
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Thej tave the furthei distinction of showing the oidinary 
hydrogen series — the Huggins series — in duplicate a bright 
line being coupled with, or superposed upon a darh one of 
identical origin, and the rule first adverted to by Professor 
Campbell^ is invariable that under these circumstances 
absorption becomes stronger and emission feebler with 
diminution of wave length The brightest hnes in other 
words are the least refrangible Alcyone in the Pleiades is 
an example In this star one sohtary ray is vivid, and it is 
the fundamental C (Ho.) which glows crmison beside a dark 
companion Pleione in the same group on the other hand 
and many stars besides exhibit the direct radiance of several 
members of the hydrogen series , but that of C always pre- 
dominates Similarly in the various helium series the stress 
of brightness is inevitably laid upon the lowest of their 
constituent lines But to make this apparent the series 
must be sorted out , for the rule apphes to each individually 
An analogous order of progression was subsequently found by 
Professor TTa.Ip. to regulate the reversal of hnes m metalhc 
spectra “ As the vapours rendered incandescent by the 
electric spark taken under water became more and more 
self absorptive he perceived that the lines progressively 
darkened descended the scale of refrangibihty with approii 
mate steadiness That is to say the rays most persistently 
bright were those of greatest wave lengths Here undoubtedly 
we hold a clue to the physical state of emissive stars but 
one, unfortunately, by no means easy to follow up 

The first specimen of a gaseous star was made known by 
Eather Secchi’s discovery August 19 1866 of the green hne 
(E) of hydrogen conspicuously bright m 7 Cassiopeiae® the 
middle star of five of the second and third magmtudes 
grouped into the shape of a W on the opposite side of the 
pole from the Great Bear Soon afterwards the same peeuli 
aiity revealed itself in ^ Lyrse, the emission being discerned 
in it as weh as in 7 Cassiopeise of three rays of hydrogen 
and one of helium But these do not always present the 
same appearance As early as 18’72 Yogel was struck with 

^ Astro^Ti tfourTidl yoI ii p 181 
2 rivd Yol ^Y p 227 

^ Snigh Spettri ddU Stelle F%sse Mem i p 10 Mem ii p 62 
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then appaientty unaccountable caprices of Tisibilitj , ^ and 
M von Gothard watched yainly during two years before he 
caught sight in 7 Cassiopeiae of the crimson twinkling ol 
C m pcbrt%c%laTly UTifamuraUe weather August 13 1883^ 
His subsequent observations and those of M von Konkoly ® 
fully established the occurrence in both stars of remarkable 
spectral fluctuations which have since been studied with 
attentive curiosity in widely separated parts of the woild 

The result has been to establish their reality, but strongly 
to discriminate between the modes of their occurrence in the 
two objects They are periodical in ^ Lyrse and their 
period IS that of the stars light change The flickering of 
bright lines in its spectrum accoidingly depends in some way 
upon the rise and decline of its visual luminosity ^ But the 
white radiance of 7 Cassiopeise although including variable 
elements, is in its sum-total, perfectly steady Since the 
advent of spectrography fluctuations in the hydiogen lines 
have ceased to be apparent , but then C which lies below the 
range of the sensitive plate, has scarcely of late been looked 
for And 0 was precisely the line most noted m the days of 
visual observation for capricious shining This property is 
unmistakable in the yellow hehum ray , the sodium- 
ahsorption near it is also apt to become effaced, and the 
green and blue magnesium lines appear, with unaccountable 
alternations bright and obscure Nor is it at present known 
whether these sundry changes proceed in concert, or each on 
its own account 

The spectrum of fju Centauri which closely resembles that 
of 7 Cassiopeise is represented from a photograph taken at 
Areqmpa, February 8 1897 in Plate III Fig 3 The 
brilliant line to the right is (F) , but the dusky edges, 
faiutly perceived to fringe it on the original negative are 
swallowed up in the print by the general gloom due to the 
idiosyncrasy of the plate The lustre of Hy is, however, 
strongly relieved by corresponding absorption, and HS dis 
plays merely a thread of light dividing a profoundly dark 
hand Two clean cut black lines to the right of H7 

^ Both'kcc'tn]^ Beo’ba^ht'ungen, Heft 11 p 29 Astr JSfach 2531 2589 

® Gbservatory vol vi p 332 0 Oyalla JBeobachtungen vol viii p 5 

* See Chiapter XXI of Prdblmis Astrophys%os by tbe presea fc writer 
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originate from helium , and there is room for further research 
in. the identification of many additional rays both bright 
and dark in this beautiful spectrum^ Professor Campbell 
in 1894, observed in it the crimson shining of C No 
suspicion of variability attaches to the star 

A star disc is rendered through distance immeasurably 
small It has no longer diversified parts The hght from 
all IS blended indiscriminately into the radiance of a single 
point Hence, Dr Schemer argued the meie increase of 
atmospheric extent, apart from any increase of atmospheric 
emissive intensity, would give overweening effectiveness to the 
bright line ingredient ^ an insignificant proportion of which 
IS present in the luminous sheaf sent out by ordinary stars 
Experience has however, virtually negatived this view The 
phenomena of spectral variability are entirely irreconcilable 
with it And in one form oi anothei they prove to be 
widely diffused But the absuidity is patent of invoking 
fluctuations in atmospheric compass to account for them 
The gaseous surroundings of stars may conceivably be subject 
to changes of luminosity, but the hypothesis of their ex- 
pansion and contraction with the rapidity and to the vast 
extent required is plainly inadmissible Moreover the 
diversity of conditions under which bright Imes are perceived 
to originate their complex reversals their peculiar individu- 
alities intimate the working of profound physical agencies, 
and repudiate any single formula of explanation incapable of 
adaptation to the lavish variety of nature 

Dr Schuster proposed in 1903 a theory in some lespects 
preferable to Schemers Both speculators alike sought to 
evade the direct consequence of Kirchhoff s Law, according to 
which a layer of gas in front of a radiating surface can only 
give bright lines if its temperature be highei than that of the 
radiating surface , ® a state of things not easily to be supposed 
existent in stellar or solar atmospheres A new expedient 
was accordingly resorted to by Dr Schuster He showed 
that bright lines might be produced by the dispersion of light 
in layers of incandescant vapours overlaying a hotter radi 

1 Of Lockyei and Baxendall Month Nohce April 1905 App No 2 
2 Schemer D%e Spectralanalyse der Gestirne p 276 
3 Observatory vol xxvi p 379 
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atmg surface His reasonmg is uo doubt correct and we 
have here a true cause although scarcely one that is 
sufficient for the part assigned to it Its inadequacy becomes 
patent when we consider that its action is at a minimum 
just where the effects attributed to it are most conspicuous 
The scattering power of pure gases must he very small 
compared with that of the vapours say, of carbon silicon or 
titanium Yet the bright lines m stellar spectra are chiefly 
those of the tenuous and translucent gases hydrogen and 
hehum The rationale is thus unconvincmg 

Another designed expressly to meet the case of temporary 
stars has been advanced by M Ebert ^ It is based upon the 
prmciple of anomalous refraction ’ by which hght subtracted 
through a special action of the refractmg medium from one 
narrow section of the spectrum goes to lemforce the adjacent 
strip a show of paired bright and dark hnes appearing as the 
result But here agam the actual phenomena seem recalci- 
trant Hydrogen and hehum are among the least refractive of 
substances They are emmently unlikely to act on transmitted 
radiance in the forcible manner demanded by M Ebert s theory 

The stellar class of which 7 Cassiopeiae is typical has 
now upwards of fifty known representatives most of them 
havmg been detected by Mrs Fleming on the Harvard 
spectrographic plates Among them are the noted ex 
variables at present shinmg with an uniform, unpretentious 
lustre 7 ] Carmse and P Cygni The spectrum of the former 
object was found by Sir David Gill to bear a strong re 
semblance to that of Nova Aurigse,^ and P Cygni is 
similarly characterised The permanence in both of spectral 
relations transient in new stars has an import which can 
hardly be over emphasised 

The so called Wolf Eayet species of gaseous stars, although 
cognate with the hehum variety stands well apart from 
them Hydrogen and hehum rays are m their spectra of 
subordinate importance They are mainly distinguished by 
certam vivid bands m the yellow and blue some of them 
due to cosmic hydrogen others of untraced origin 

1 Astr Naeh No 3917 

“ Monthly Notices vol Ixi p 466 See also A J Cannon SarvarA 
Annals vol xxviii part ii p 175 
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The finest specimen of the class is invisible in these 
latitudes First detected by Eespighi at Madras, December 
24 1871 the peculiarities m the hght of y "V* elorum were 
studied with some care and much dehght at the extraordinary 
beauty of the spectacle they present by Dr Copeland at 
Puno in the Andes April 24 1883^ An intensely bright 
line in the blue he remarked, and the gorgeous group of 
three bright hues in the yellow and orange render the spec- 
trum of this star ineomparably the most brilliant and 
stnkmg in the whole heavens There is no sign that it is 
in any degree variable Its appearance to the present writer 
at the Cape, m October 1888, talhed precisely with Dr 
Copelands description only that the additional feature of a 
deep band of absorption below the cobalt hne seemed unmis- 
takable ® A vivid continuous spectrum extends into the 
violet as far as the eye has power to follow it and accounts 
for the bnlhant whiteness of the star The diffuseness of 
radiation in this splendid object is an obstacle to its effective 
spectrographic treatment A fair idea of its character can 


however be gathered from Plate III Fig 4 which reproduces 
by the courtesy of Professor Pickeimg a photograph taken 
at Areqnipa with 99 minutes exposure April 28 1897 
It does not extend to the lower tract illuminated by the 
golden and citron rays The spectrum begins on the right 
with the double or tuple azure bands distinctive of this 


stellar type The less refrangible (X 4688) occupies a 
remarkable position It is that theoietically assigned by 
Pydberg in 1897 to the one member accessible to view of the 


‘ principal series of hydrogen By analogy it should be 
there, and it is This azure band seems to be an unfailing 
adjunct to the Pickenng senes which it imitates as weh by 
refusing to be evoked in the laboratory Professor Campbell 
was surprised in 1893 to find C bnlhant in the spectrum 
of 7 Telorum, the other hydrogen Imes bemg dark* They 
are nevertheless perceived photographically as projected on 
bright bands an arrangement the inverse of that prevalent m 


^ CfompUs Jxendibs t Ixxiv p 516 
^ Cfopermcm vol iii p 206 
® Ohser'va-tory vol n p 430 
^ Fid^hcahons Astr Pac JSoaety, vol v p 106 
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gaseous stars of the helium kmdi Absorption oxygen 
was detected by Mr McOlean amid the emissive splendours of 
the southern luminary, metallic action is probably absent 
throughout the class which it exemplifies 

Its original members three small stars m Cygnus have, 
in the course of thiity eight years obtained about one hundred 
associates largely through the extensive photographic researches 
of Mrs Tlemmg All these are situated in the throng 
of the Milhy Way or of the Magellanic Clouds, and all, 
except y Velorum are insignificant when casually regarded 
Hone are known to vary in light, in none so far has any spectral 
change been recorded Individual diversities however abound 
lanes daik in one specimen may be bright m another , bands 
are more or less hazy , the blue efduences differ from star to 
star in relative strength , hydrogen and helium lines are now 
promment then again of <puite subordinate importance One 
such star was discovered by Campbell to possess a vast 
hydrogen-envelope indicated as existent only by the sensible 
length of the green ray ongmating from its glow Perhaps 
some of its fellows have similar if less conspicuous appurten- 
ances , though none of them are, in the proper sense nebulous, 
smce they give sharp images, telescopically and photo- 
graphically 

Yet in the Wolf-Rayet stars we have undoubtedly reached 
the borderland between the two gieat sidereal kingdoms, 
where definitions cease to be vahd distinctions become in 
secure, and nondescript characters peiplex classification 
Between gaseous stars and stellar nebulae there is but a 
narrow gap Individuals of both species present the telescopic 
appearance of small stars , and they disclose, when a prism 
IS apphed analogous pecuharities — analogous not identical 
The light of a gaseous stai so examined is ordinarily concen 
trated m two points or where a cylindrical lens is employed 
in two short hnes yellow and blue respectively, that ot a 
stellar nebula gathers into one green knot Its rays are, in a 
sense mcapable of analysis, they are so nearly monochromatic 
that they can be refracted without being dispersed Objects 
of this nature can be picked out at a glance from ordinary 
stars by Professor Pickermgs method of sweeping with i 
^ A J Caiinoii Harvard Annals vol txyui p 247 
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small direct vision spectroscope used as an eye piece ^ Above 
a score of them were in this mannei found previously to 
1890 and many more subsequently by photographic means, 
and it IS remarkable that the exclusive preference for the 
Milky Way of gaseous stars is shared by stellar nebulee 

The green ray of the latter is the characteiistic token 
of gaseous nebulae Erom the great Orion portent to the 
faintest planetary all without exception show it, and in 
many it appears at fiist sight so predominant as virtually to 
stand alone But its origin remains an enigma In position 
it IS almost coincident with an important line of mtrogen A 
trifling divergence however shows them to be certainly dis 
tinct Nor can it be identified as Sir Norman Lockyer 
thought it might with the sharp edge of a fluting emitted by 
magnesium burning at about the temperature of the Bunsen 
flame ^ The supposed agreement was made the corner stone 
of the meteoritic hypothesis of nebular constitution , ^ but it 
failed to obtain ratification by precise inquiry 

Careful measuiements by Sir William and Lady Huggins^ 
and by the late Professor Keeler showed the fundamental 
meteoric and nebular lines to stand very slightly apart in the 
spectrum But spectroscopic agreements must be absolute if 
they are to be reckoned significant Moreover the nebular 
line IS sharp , and even the thinnest remnant of a fluting 
should have an attachment of unilateral haze 

Nebular radiance cannot then it seems be imitated in the 
laboratory Possibly it signalises a modification of matter 
arising only under extra terrestrial conditions Nebulium 
as the hypothetical element is called, has been vainly sought 
amongst the mixed leavings infinitesimally separated from 
common air by intense refrigeration, under favour of their 
unequal boiling points , no mineral however scarce has been 
discovered to occlude it , no volcanic vent exhales it Yet it 
fills whole tracts of galactic space Must we then admit 
after all that there is a chemistry transcending text books ^ 
It may be so , but to abandon the grand ideal of an universal 

^ Pickermg O'bser'oatory vols iv p 81 v p 294 Astr Nach 2517 
Copeland Monthly Mohces vol xlv p 91 
Proc iv Socuty vol xliii pp 124 127 
8 Id%d vol xliv p 2 ^ Ibid vol xlvi p 48 
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physical science because of a few outstanding incongruities 
would be to hsten halfheartedly to counsels of impatience 
SteUar nebula so far as can be judged are excessively remote 
voluminous faintly glowing bodies The condensed or nuclear 
portions probably included in them give but slight signs 
of incandescence , spectroscopically (whatever they may e 
physically) they are mere spheres of ghmmermg gas How 
planetary nebula (so caUed by Sir William Herschel because 
they exhibit a planet hke disc) scarcely differ intrinsically 
from the steUar sort, but they either are, or owing to their 
greater vicinity appear larger and brighter and hence otter 
better facilities for the analysis of their hght 

It IS found to consist mainly of three rays composing the 
fundamental spectrum of all gaseous nebul£e Of these the 
lowest of wavelength 500-7, is invariably the strongest and 
accordingly survives alone in such a dearth of light as that 
created by the combined distance and famtness of the mono 
chromatic discs or points detected by Professoi Pickerings 


method , 

The nebular trio of Imes, since they lie adjacent to each 

other in the middle or green part of the spectrum inevitably 
give a resultant green or bluish colour to the objects they 
characterise The intermediate i ay at X 4959 as well as 
the chief lay is plausibly connected with nebulium smce it 
preserves in each individual nebula the same relative intensity 
The third or most refrangible hne on the contrary is inde 
pendently faint or bright It is no other than the familiar 
F (H/3), and the undoubted and unfaihng presence of 
hydrogen betokened by it in these formations constitutes one 
of the very few hnks as yet recognised between nebular and 
terrestrial chemistry From the former metallic elements are 
excluded , they are in nebulae either non existent or non 
apparent And we recall that stars supposed on other grounds 
to be m a primitive condition are just those in which metal 
loids tend spectroscopically to suppress metals 

Modern appliances spectroscopic and spectiographic have 
enriched the nebular spectrum with some three dozen extra 
hues mostly in the ultra violet Some of those derived from 
planetary nebulae agree with hues bright in Wolf Eayet stars 
notably with the fundamental member of the Pickering series 
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and with the Eydberg blue band^ Occasionally a glint of 
red hydrogen is seen, eight of its more refrangible com 
panions have been measured , and lielinm is represented by 
a somewhat arbitrary selection from its various series 

The spectrum of the great Eish month nebula in Orion 
was first adequately studied by Sir William and Lady Huggins 
from 1882 onwards Its hydrogen-ingredient is in the peculiar 
condition denoted by its emission of the higher members of 
the Huggins series C being imperceptible The yellow ray 
of helium was detected by Dr Copeland December 28 1886 
and he remarked some indications of resolvability into lines 
or bands in the dim prismatic background upon which the 
central group of rays in this spectrum are reheved The 
opinion furthei expressed by Sir Wilham and Lady Huggins 
that the faint continuous spectrum visible in most gaseous 
nebulse might were more light available be found to consist, 
m great part at least of closely adjacent bright lines ^ has 
been strongly confirmed by recent Lick spectrograms taken 
with the Crossley ledector exhibiting tell-tale breaks and 
symptoms of overlap in the hazy radiance previously assumed 
to be of white or unbroken quality^ On a plate exposed 
at Tulse Hill in 1882 an intense ultra-violet ray of wave 
length 3727 was recorded^ and it has proved to be almost as 
marked a feature of the nebular spectrum as the '' chief ’ hne 
itself, nor can it be an emission of nebulium since its 
intensity varies disparately from that of the green lines ® It 
IS singularly prominent in the Eing nebula in Lyra 

A gaseous nature was suggested for the four bright stars 
grouped into a trapezium at the core of the Orion nehula 
by an abnormal photograph taken by Sir William and Lady 
Huggins February 5 1888*^ Several years later® they per 
ceived the hydrogen-lines to be not only arranged in bright and 

^ Copeland Copernuius "vol i p 2 The original four line plane taxies 
are numbered in jDrey ex s INew Geneial Catalogue 7662 7026 and 7027 ihe 
two last belong to a singular group of allied gaseous objects in Gygnus 
® Monthly JSTcHces vol xlviii p 360 
^ Proc E SoL^ety vol xlvi p 60 
Lick Bulletm No 35 
® Eejport Br%t Associcthon 1882 
® Astroph Jout7mI vol xx:i p 398 (Haitmann) 

7 Proc Eoy Socuty vol xlyi p 40 
^ Astroph Joumobl vol vi p 322 
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dark pairs, lout to undergo shiftmgs defined by Professors 
Fiost and Adams’- as periodic in the chief member of the 
group and dependent upon rapid orbital cireulation These 
stars are of the eaily helium -variety , they show absorption by 
oxygen® and cosmic hydrogen, and it is an open q[uestion 
whether the bright lines crossmg their spectra may not be 
derived from the folds of nebulous matter enwrapping them 
Local variations in the spectrum of the Orion nebula axe 
most likely to subsist It can hardly be supposed that so vast 
and so agitated a formation can be thronghoTit of uniform 
composition Professor Campbell accordingly found in 1893 
that the relative intensities of the three lines ‘ which con 
stitute neaily the whole of the visible spectrum vary withm 
wide hmits as the sht of the spectroscope is moved over the 
different parts of the nebula * That is to say the two first 
hues while preserving to each other a constant ratio fluctuate 
largely by comparison with the third or hydrogen-line In 
some sections of the nebulous structure in fact the hydrogen 
appears at least five times stronger than the nebulium-iay 
although near the trapezium it is four times fainter 
Hydrogen light in conjunction with the unidentified ultra 
violet emanation thus tends to become predominant with the 
dechne of illuminative power whence the conclusion may 
leasonably be drawn that the nebula verges more and more, 
•with the increase of tenuity upward and outward towards an 
almost purely hydrogenous composition 

And this serves to remind us that the spectra of the great 
nebulee like those of zoned stars, must be considered as 
integrating the results of emissions takmg their rise -under 
notably diverse circumstances Innumerable strata of nebu- 
lous matter are piled one upon the other m the same line of 
sight The eye is impotent to discriminate between them , 
even the spectroscope can do so only mdirectly For, at the 
centre of the nebula, the hnes coming from all its depths are 
seen or photographed together , their different places of origin 


^ Astroph Xou/TThcd yoI xix p 153 
2 McGl&auL J^hil Trans yoI cxei p 128 

® Tull Astr Tac Soaety yoI t p 206 Astr N'ach ITo 34=71 cf 
Runge on tlie pliysiological vaxiations of brightness due to difference of coloui, 
Astroph Jo%r% vol tui p 32 
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axe TUiDOticed Light on. the other hand, taken from, near 
the edges of the same object, emanates exclusively from its 
highp.r regions, and its characteristic peculiarities may safely 
be localised The possibility then seems at hand of dividing 
in this way the Orion nebula and others of the same class 
into various spectroscopic levels distinguished by minor 
radiative differences The hehum-lmes, for example may 
prove separable from the hydrogen-hnes , and it would be 
especially interesting to ascertain whether the three hydrogen 
series change their relative intensities with remoteness from 
the trapezium The differing conditions along the same line 
of sight must also hamper attempts to determme the internal 
movements of the nebula bv the displacements ox distortions 
of its spectral rays For there must be a wide discordance m 
these effects at the heights and hollows projected together by 
perspective Opposite motions might he progiessmg in the 
sundry regions conjointly inspected , and the upshot would 
he an ambiguous blurring of lines Such a possibihty 
must he taken into account in estimating the value of some 
promising experiments of this nature made by Drs Yogel and 
Eberhard at Potsdam m 1902 ^ They hinted at tumultuous 
flows or eddies, more probably than at a general rotation 
But until they have been repeated and confirmed it would 
be vam to speculate upon what they seem to communicate 
Only the species designated as stellar, planetary annular 
and irregular nebulae give unmistakable signs of gaseity 
Some five or six score have up to the present been recorded 
to do so , while several hundreds and presumably the majority 
of those unobserved shme with continuous light Yet the 
distmction is perhaps less profoimd than it seems The gap 
is at any rate partially bridged One connecting link 
seems to be supphed by the great looped nebula in the 
southern constellation of Doiado observed by Mr C E 
Burton® m 1874 to yield a strongly continuous spectrum 
crossed by the unfaihng green nebular ray at 5007 Its 
gaseous nature is thus shown to be modified by the presence 
of an unusually large proportion of dense material and where 
this predominates as in the Andromeda nebula the spectrum, 

^ SitzungslerichU Berlin March. 13 1902 
2 MofiMy Notices toI txxti p 69 See 47tli Scorvard Report p 7 1892 
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though nommaUy ‘continuous is stiU markedly different 

from the contmuous spectrum of a star 

The light of this queen of the nebulae pnsmatically 
dispersed for the first time by Sir William Huggins in 1864 
struck him as far from uniform , it seemed mottled throughout, 
whether hy the effects of absorption or of irregular emission 
It was impossible to decide' Kecent observations at Tulse 
Hill point to the existence in this spectrum of various bright 
lines or spaces intermixed with traits of absorption ^ Dr 
Schemer performed m 1899 the dif&cult feat of spectrograph 
mg the object which he inferred from the faint indications 
on his plate to be a cluster of solar stars® The truth of 
the matter remams still hidden, but there are signs that it 
can before long be ehcited In the investigation of the dis 
tinctive peculiarities of continuous nebulai light a field 
hes open which can hardly fail to be worked with profit to 
the rapidly advancing science of cosmical physics 

1 Fhil Trans vol cliv !> 441 
^ Atlas of Stellar Specti a p 125 
® Astr Naclh 3549 
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THE TEMPERA-THEBS OE THE STA-ES 

WhA-T we mean ])j the tempeiatiire of a star is the degree of 
heat corresponding, on admitted principles to the radiations it 
sends abroad into space That is to sa^ the point at which 
an ideal thermometer would stand if placed within the 
photosphere assumed for the puipose of simplification to be 
effectiYely a single emitting surface ITow the temperature 
of the sun understood in this sense, has heen fairly well 
ascertained It is held by the latest authorities not greatly 
to exceed 6000° C while that of the electric arc, determined 
hy similar methods comes up to 4000 ^ Thus the gap 
dividing the heat of the solar furnace fiom the ne pins nltroo 
of the laboratory has heen greatly nairowed It no longer 
seems hopeless to establish some degree of continuity between 
the state of things on either side of it Nevertheless there 
are (qualifications to he tahen into account Conclusions 
regarding the sun s temperature depend essentially upon two 
conditions first that the photosphere is what is technically 
known as a black body , next that Stefans law ’ of 
radiation holds good over a range some thousands of degrees 
beyond the limit of experimental verification Now, a ' black 
body IS one that absorbs completely, and through an inevit- 
able correlation, emits perfectly It radiates m the strict and 
due proportion of the heat communicated to it But there is 
no such substance in nature , even lamp black meets very 
imperfectly the stipulated req[uirements They have of late 
however been imitated by an experimental artifice , ^ and the 

^ Day and Orstrand Astro;p7i Journal vol xix p AO 
^ Wien and Lnmmer Wudemann s Annalen Bd Ivi p 453 1895 

n 
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facilities for investigatioa thus acquired prove of high value 
Yet the laws of radiation securely estabhshed with their aid 
are in all probability conformed to only approximately by 
the sun Tor the photosphere is certainly not, strictly speak 
mg, a black body 

Stefan’s law defines the rate at which increase of radiative 
intensity corresponds with growing temperature It is as the 
fourth power, a body rendered for instance twice as hot will 
radiate sixteen times more powerfully than before Nor is 
this a purely empirical rule Boltxmann brought thermo 
dynamical considerations to its support in 1884 and Planck 
deduced it in 1900 from the electro magnetic theory of light ’■ 
Still it may break down before the solar temperature is 
reached Its validity, experimentally ascertained up to near 
1200 cannot be confidently rehed upon at indefinitely 
exalted temperatures Such laws of nature have usually a 
limited field of action and we do not know where to fix its 
boundaries This element of unceitainty affects many other 
wise well grounded conclusions Nevertheless high tempera 
ture research has made substantial progress , and much has 
been done m removing the difficulties which long stood in the 
way of establishing a trustworthy relation between the heat 
received from the sun and the suns piopei heat 

But as legards the stars the case is widely different 
Direct modes of procedure are here excluded We cannot 
etermine stellai heat constants and thence infer stellar 
temperatures This is rendered impossible by the funda- 
mental circumstance that the heat reaching the earth from 
the stars is all but insensible The rays of the "wan, cold 
moon have a thermal power more than 150 000 times 
greater than that of the rays of Arcturus^ and Arcturus 
IS judgmg by the crude standard of direct heating effects, the 
hottest star of our acquaintance No wonder, then, that 
quantaties so minute failed to be ehcited with the thermopile 
ir lam uggins made persistent experiments on the 
subject nearly forty years ago* and Dr Stone* a little later 

^ Mendenhall and Saunders Astroph Jovrn vol iiu p 30 
N’lciols Astrojoh Joairn vol xm p 102 
® Proc JRoyal Society yoI xyu p 309 
^ Ibid vol xiviii p 159 
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Edison tried his tasimeter in 1878, Boys his radiometer in 
1888,^ both vainly At last in 1895, Professor Minchin 
succeeded in converting stellar energy into electromotive 
force 5 ^ yet his results though genuine were not wholly 
legitimate owing to the strong selective preferences of the 
sensitive cells ^ Those on the other hand obtained by Pro 
fessor Hichols at the Yerkes observatory in 1900 were of 
unequivocal significance The beams to be examined after 
being concentrated by a two foot mirror fell upon the vanes 
of a radiometer so delicately impressionable as to detect 
temperature differences not exceeding one ten millionth of a 
degree centigrade Eesponsive deflections were accordingly, 
registered undoubtedly due to ladiated stellar energy , and 
they varied from star to star those caused by Arcturus being 
more than twice as large as those which the white rays of 
Vega had power to produce^ 

The outcome is in many ways hopeful Hot that the 
remotest prospect can be discerned of arriving by this straight 
forward route at the absolute temperatuies of the stars , but 
that it opens a way by which with much further care and 
study some knowledge of their relative tempeiatures may 
be gained And even in this direction progress is seriously 
hampered by diversities of absorption in stellar atmospheres 
We know by everyday experience that a glowing object 
changes fiom red to white as it grows hotter So likewise 
with the stais The larger the pioportion of light to obscure 
heat in their radiations the higher their temperatures must 
be Hut we do not see the stars as they are in themselves 
Their faces are veiled by absorptive envelopes and far more 
closely veiled in some cases than in others Moreover, the 
effect of absorption m the bodies strongly affected by it is to 
modify very materially the relation of luminosity to thermal 
intensity in the emissions they send out The upper sections 
of the spectrum are those chiefly encroached upon , the stars 
are rendered fulvous and reduced to a lower grade of photo 
metric magnitude than should be assigned to them if their 

^ Proc Royal Society toI xlvn p 480 
^ Ibid vol iviii p 142 
^ Nichols Astroph Journ vol xiii p 163 
^ Ibid p 135 
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intiinsic bnlliancy were fuEy displayed How Arcturus is a 
solar star of a reddish tinge , its blue rays pay heayy toll in 
trayersing its photosphenc eny elope Not so those of Yega, 
which escape yirtually scot free to the open It follows that 
comparisons between them are made on unfair terms If they 
weie equalised Arcturus would seem much more brilliant than 
it does now and the proportion of its heat to its light would 
be redressed And it is the proportion only we repeat which 
IS significant as regards temperature Professor Nichols s 
result implies on the face of it that Arcturus stands at a 
lower heat ley el than Yega because although its radiations 
contain absolutely more heat they conespond to a less 
intense degree of incandescence But no such deduction is 
admissible in view of the disparity of conditions Nor is it 
possible to define the extent of the correction required So 
far then the relatiye temperature of the two stars remains an 
open question 

Professor Nichols himself regards his attack upon the 
problem of stellar heat as httle more than a reconnaissance 
by which it has heen learned that the position is not im 
pregnable “With more powerful means at command he hopes 
to achieye its capture By placing his radiometer at the 
focus of a five foot mirror he believes it should be possible to 
arrange white stars to the second, and red stars to the third 
magnitude in the order of the thermal intensity of their 

radiations That fainter red than white stars must owing 

to the quality of their self absorption be thus measuiable has 
been sufficiently illustrated by the case of Arcturus Just for 
this reason however no instructive comparisons can be insti 
tuted between stais with notably different atmospheric sui 
roundings The use of an identical platform of investigation 
for disparate objects can only lead to illusion But by ranging 
white and red stars in separate series and bringing solar stars 
into relation with the sun much may he accomplished There 
IS no surer criterion of temperature than the distribution of 
energy in the spectrum As it rises the culminating point in 
the representative curve shifts steadily upward to shorter 
wave lengths Hence by locating the maxima of emission 
from glowing bodies their temperatures can be ascertained, 
and this Professor Nichols hopes to accomplish for the stars 
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It will te a matter of excessive delicacy , but apart from 
instrumental difficulties, the method seems promising Hot 
that the essential incompatibilities of state between the 
different spectral classes can be abolished by its means , hut 
varieties of white stars might be examined together while 
solar stars could advantageously be assimilated to the sun 
Thus Capella gives a spectrum almost indistinguishable from 
the Fraunhofer spectrum save through the slight discrepancies 
occasioned by the differing light-quality of its spectroscopic 
companion It is however an enormously laiger and more 
luminous globe than our sun , and it would be of crucial import 
ance to determine whether its vaster scale corresponds to a 
higher degree of heat Again Sir Noiman Lockyer finds the 
ultra violet spectrum of Eigel to be moie extensive and intense 
than that of Sinus and to be in turn surpassed allowance 
being made for the lower magnitude of the star by that of /c 
Ononis ^ If these diversities can be secuiely associated with 
gradations of temperature much would he made clear as 
regards the course of stellar development And Professor 
Hicholss method of spectral energy measurement promises 
if effectively realised to afford just the needed verification 
Speculations conceinmg relative stai-heat have heietofore 
been based chiefly upon the study of specific linear absorption 
Rut the obseived indications refei immediately to the state of 
things pievailing in the reversing layers of the stars and only 
indirectly to the condition of their photospheres Moreover, 
their interpretation is unfortunately still a subject of dehate 
Indeed it is more actively m debate than ever before , for as 
the importance of reading their meamng aright has come to 
be more fully recognised, the pitfalls laid for their would be 
decipherers have also become more evident and formidable 
It has long been known that the lays emitted by glowing 
gaseous substances alter with alterations in the mode of kind 
ling them to luminosity Thus metals rendered incandescent 
in the electric arc give out conspicuously bright lines that 
show quite dimly when the same metals aie burned in a flame , 
and similarly lines subordinate in the arc develop into pro 
mmence through the excitement of the disruptive discharge 
in the electric spark These progressive changes were, until 

^ JProc Royal Society Feb 18 1904 
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lately, ascribed by general though not uniYersal consent to 
increasing temperature the spark being it was supposed 
hotter than the arc and the arc hotter than the flame 
Adopting this view Sir Norman Lockyer gave special 
attention to enhanced ’ lines and pointed out the 

remarkable circumstance of their selective display in the 
spectra of certain classes of stars ^ It is undeniable that the 
brightest lines in the spark spectra of the chemical elements 
are also highly characteristic of white and more especially of 
helium stars , that arc lines to a certain extent supersede 
them in solar stars , while in red stars with banded spectra 
even flame lines take a position of importance And the 
assumption that from these modifications trustworthy informa- 
tion could be derived regarding the comparative temperatures 
of the stars in which they were observed lay ready at hand, 
yet proved misleading So early as 1888 Professors Liveing 
and Dewar were led by their experiments on the spectrum of 
magnesium to throw doubt on the received opinion that the 
electric spark is in the literal sense hotter than the arc^ 
Sir William and Lady Huggins demonstrated in 18 97 ^ that 
the calcium lines H and K owe their preponderance in the 
sun not to extieme heat but mainly to the inconceivable 
rarity of the emitting vapour and they illustrated in 1903 ^ 
by photographs of the magnesium spectrum, the sensitiveness 
of radiation to changes in the mode of electiical excitation 
The spaik discharge is oscillatory, the released energy lushes 
with amazing velocity to and fro acioss the gap But in the arc 
it assumes the character of a continuous flow , means of trans 
port are available , it does not need to force a p issage That 
the ultimate particles of matter acted upon must respond very 
differently in each case is then easily understood A final 
overthrow was given to the older opinion when MM Eberhard 
and Hartmann of Potsdam pronounced ^ after laborious investi 
gations the spark spectrum to originate not fiom thermal 
radiation but from electrical luminescence ’ 

The word is of subversive import Its intioduction by 

^ jProc Moyal Somty vols Ixi p 441 Ixv p 462 
2 Ibid vol xliY p 241 

^ Ib%d Tol 1x1 p 433 Atlas of Stellar Spectra p 91 
^ Astroph Journ Tol xyii p 145 
® SzimrigsheruTite Berlin iFeb 26 1903 
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'Wiedemann in 1894^ to signify light without heat or light 
in excess of temperature, licensed the adoption into orthodox 
physical science of certain new ideas which had long been 
gradually creeping to the front They allow a wide latitude 
in the explanation of radiative and spectral phenomena 
Luminescence may he evoked by chemical or electrical action , 
it may he supeiadded to ordinary hght or appeal hy itself, 
either a continuous or a discontinuous spectrum may be 
derived from it , nor is it necessarily correlated with ahsorp 
tion Hence strict reasoning is precluded where there is 
reason to suspect its presence , for the laws of its production 
as yet evade research We find accoidingly that the spectral 
peculiaiities detected in the various classes of stars and long 
held to supply sure indications of their thermal rank,, avow in the 
laboratory highly complex relations with vapour-density with 
electrical damping with chemical processes with luminescent 
action We aie then thrown back in our search for tests of 
stellar heat power upon the varied intensity of blue radiation 
from stellar photospheres allowing as best we can for the 
differences in absorption by which it is partially masked 
One pair of stars — Oapella and Vega — thus compaied by Sir 
■William and Lady Huggins ^ yielded an unlocked for result 
The solar orb seemed intrinsically the Umi and was inferred 
to be the hotter of the two 

The temperatures of the stars are intimately related to 
their life history From the time when they first assume the 
photospheric vesture until through decrepitude they cease to 
shine a constant waste of energy must he going forward in 
them fari j^assu with contraction Tet up to a certain 
point recuperation so far as sensible heat is concerned takes 
the lead of dissipation Cooling bodies by a seeming paradox^ 
rise in temperature until they cease to he wholly gaseons The 
law of thermal ascent enounced hy Lane of Washington m 1870, 
applies however only to average temperature while such indica- 
tions as can be gathered hy us refer to surface temperature And 
this depends not so much upon the amount of heat stored in 
each globe as upon the facility with which it can be conveyed 
upward to the scene of action Hence viscosity gravity chemical 

^ Anna,U% der Bd liv p 604 

2 AtlobB of Stellar Sjpectra. p 86 
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compositiou enter mto the account as items of unknown Talue 
Nor IS there any possihility of fixing a fnor% the point at 
which the external heatpowei of a star begins to fall off 
Too many conditions are involved The main object of actual 
in(][inties is to establish the thermal relations of the varieties 
of stellar spectra Those of earhest type are non metallic , 
they are marked by the absorption or emission of hydiogen, 
helium oxygen and nitrogen Sir N orman Lockyei alleges 
abnormally high temperature as the cause of this unusual 
character Metals in his opinion do not exist in such stars 
because intense heat keeps their primal elements asunder 
They are dissociated or perhaps have not yet begun to be 
associated Nebula are nevertheless eq,ually non metalhc with 
incipient stars and it is difhcult if not impossible to ascribe 
an enormously high tempeiature to volumes of matter in the 
last degree of attenuation However this may be, the fact 
can scarcely be gainsaid that metals show more and more 
distmctly in stars as they advance towards maturity and that 
the first signs of then presence are the lines ‘ enhanced 
in the laboratory when the spaik-discharge replaces the electric 
are But as time and condensation go on the arc lines gam 
upon their rivals and in spectra of the solir type leive them 
utterly m the lurch Fmally in banded spectra strong flame- 
hnes emerge , while throughout the progression as if to eom- 
phcate matters still further the gieat violet rays of calcium 
although emmently characteristic of the oscillatory spark 
reach then highest development m reddening stais The 
entire series of changes nevertheless is heyond question 
orderly and consequential, and the ohscurity of their origin 
will he in part cleaied up should it be found possible to 
connect them with an equally consequential series of tempeia 
tuie changes Yet it must be owned that the trend of present 
inqmnes is rather towards estabhshing for them relations 
with varying modes of electrical illumination than directly 
with gradations of thermal mtensity in stellar photospheres or 
their leveismg envelopes 

The hope of estimatmg temperature by locating maxima 
of mtensity in discontinuous radiations is probably fallacious 
Sir George Stokes already in 1876, held it possible that the 
intenser blue radiation with mciease of heat obvious in con 
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tinuous spectia might extend to spectra composed of separate 
rays — that the iniensest line might shorten in wa^re-length as 
thermal energy was gamed by the emitting vapour^ And 
M Langenbach obtained in 1903, some experimental indica 
tions of the actual subsistence of some such relation ^ He 
considers indeed that Professor Campbell s observation of 
the greater strength m the Orion nehula than in vacuum 
tubes of the more lefrangible hydrogen lines affords proof of 
a difference of temperature which may eventually be measured 
in thermometiic degrees Professor Heeler too had inferred 
from the singular vividness of the gieen and blue hydrogen 
emanations in all gaseous nebulae ' either a high temperature 
of the gases emitting the light or a state of strong electrical 
excitement ^ 

The conditions of electrical excitement in heavenly bodies 
cannot as yet be defined That they are present in some cases 
more fully than in others is however vn tually certain , and 
many anomalous appearances will doubtless find an appropiiate 
explanation when they come to he interpreted as electrical mam 
festations Meantime we can only reason about what comes 
more or less within the range of tangible acq^uaintance , and 
experience is wholly contradictory of the notion that nehula are 
excessively hot bodies On the adopted principle they should 
be at least 3000° 0 hotter than the solar chromosphere 
m which red hydrogen-light is predominant while nebular 
hydrogen shines exclusively it might he said with green 
blue and ultra violet emissions Furthei in many variable 
stars the leading bright hydrogen line is the daik blue 
HS C and P (Ha and E^S) being equally invisible This 
relation, if interpreted on the basis of Wien s law of spectral 
energy would lead to the inference of fabulous temperatures as 
prevailing in such stars It is however most improbable that 
Wien s law is really applicable to bright line spectra The 
ladiation from gases we are told on high authoiity is usually 
wholly or paitially luminescent ^ This means that its calorific 
dependence is slight and secondaiy Hence nothing can be 

^ Proc Poyal Society vol \xiv p 35S 
^ Annalen der Fhys'il iNTo 4 1903 

^ Tull IzcL Observatory ^ ol iii p 228 
^ Day aad Orstrand Astroph Journ vol xix p 31 
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authenticaUy learned from its quaEty regarding the temperature 
of its source 

The science of stellar thermotics is m fact, stiU m a 
tentative stage The most assured datum at its command is 
the temperature of the sun which at least supplies a term of 
comparison for the temperatures of the stars It is fairly 
certain that the effective heat of the solar photosphere measured 
on the thermometric scale is 6000° to 6500° 0 And there 
IS some probability that the sun has never been and will 
never he much hotter than it is now But this does not 
imply that none of its compeers exceed it in thermal power 
Those of greater mass must develop proportionately more heat, 
so that it IS quite likely that giant suns of the solai type 
such as Capella and Arcturus radiate far more intensely per 
unit of area than our sun and have photospheres hotter in 
the due ratio of the fourth power increase 

Stars with handed spectra are generally admitted to have 
made a further advance in cooling Yet despite the heavy 
losses in total heat mcident to protracted radiation their 
superficial temperatures may have suffered only a slight 
dechne The development of flutings in their spectra is not 
decisive on this point Eecent investigations tend to show 
that it IS an index not so much to the degree of excitement 
produced by heat as to the kind of agitation set up by 
electricity m the originatmg vapour^ Hox have we any 
absolute assurance that heat expenditure proceeds uninter 
ruptedly Current hypotheses on the subject possibly need 
revision Eegenerative agencies may under given circum- 
stances be called into play The many suggestions of 

radiology (as the new science of radio activity might be 
designated) cannot be mconsideiately set aside They are 
however too vaguely conveyed to be profitably discussed 
The cosmical effects of these novel phenomena elude just yet 
our mental grasp They may prove to be of stupendous 
importance , to the future is reserved the task of unfolding 
their character and scope 

^ Trowbridge Amer Journ of Science vol in p 117 1897 Hale JSncy 
Brit vol Yxxii p 779 art Spectroscopy Pringsheim Eappoits du Gongres 
Internatwml de Physique tup 108 



CHAPTER VII 

lEMPOEAEY STARS 

The facts connected -with, the light changes of stars are in the 
highest degree strange and surprising , and wonder does not 
lessen as familiarity -with them gro-ws They are of eweiyday 
oceurience , they can he predicted beforehand in many cases 
•with nearly as close accuracy as an echpse of the sun or 
moon and they affect in manifold -ways a great number of 
objects Stellar variability is of every kind and degree 
With the regulaiity of clockwork some stars lose and regain 
a fixed proportion of their light, others show fitful acces 
sions of luminosity succeeded by eqLually fitful relapses into 
obscurity, many waver, in appearance lawlessly about a 
datum level of lustre itself perhaps slowly using or sinking 
The rule of change of a great number is that of an evident 
though strongly disturbed periodicity , a few seem to 
spend all their poweis of shining m one amazing outburst, 
after which they return to their pristine invisibility oi 
insignificance 

The amount is as much diversified as the m}i.TinAr of 
fluctuation Changes of brightness so minute as almost to 
defy detection are linked on by a succession of graduated 
examples to conflagrations m which emissive intensity is 
multiplied a thousand times or more in a few hours The 
range of variation is in some stars sensibly unifoim, they 
subside during each crisis of change to the same pieeise point 
of dimness and recover without subtraction or excess just so 
much light as they had before In others it is widely 
irregular The limits of fluctuation in one period furnish no 

81 6 
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precedent to be conformed to m the next Hothing is pre 
determined, the intensity of each phase seems to depend 
upon a compler set of conditions unlil ely to i ecur twice in 
the same precise combination 

The first effort to regulaiise the phenomena of variible 
stars was made by Professor E C Pickering in 1880 ^ His 
fiTe classes thongh often enough (as might be expected) con 
fused at the borders are still sufficiently distinct to form a 
useful framework foi the facts They are as follows Class I 

includes temporary or new stars, Class II stars like 

Miia ’ Ceti strikingly variable in periods of seveial months , 
Class III stars subject to irregular fluctuations , Class IV 
variables with periods of a few days exemphfied by S Cephei 
and /3 Lyrse , Class V Algol variables or stais like Algol 
in Perseus undergoing brief obscurations at fixed intervals 
We will take each in turn begmning with the first 

A temporary star may be defined as a variable attaining 
one single vivid maximum A swift rise to such a height as 
to constitute a virtually new object followed by a slower 
yet prompt decline chaiacterise these outbursts close upon 
thirty of which have been more or less credibly recorded 
within historical times The genuineness of those stated to 
have occurred in the following years ^ is in only a very few 
cases open to cavil 

134 B 0 in Scorpio , the stai of Hipparchus 
123 AD in Ophiuchus 

Dec 10 1 Y3 between a and /3 Centauri Conspicuous , 
scintillated strongly , visible eight months 

386 (April to July) between X and <f> Sagittaru 
389 near a Aq[uilffi said by Cuspinianus to have equalled 
Venus, vanished after three weeks 

March 393 m the Tail of the Scorpion 
827 (2) in Scorpio Observed during four months at 
Babylon There is some uncertainty about the date none 
about the fact 

May to August 1006 in Scorpio® Described by Epi- 
damnus, the monk of St Grail, as ‘ oculos verberans 

^ TroLesdvngs Amer Acad vol xvi p 17 
See Humboldt s Cosmos vol in p 209 (Ottd s translation) 

^ Soionfeld Astr JfTach Ko 3034 
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July 1203, in the Tail of the Scorpion, said to ha-ve 
resemMed Saturn 

1230 in Ophmclms 

1672, Tychos star in Cassiopeia 

1604 Keplers star in Ophmclius 

1670 m Vulpecnla 

1848 in Ophiuchns 

1860 m Scorpio 

1866, m Corona Borealis 

1876, in Cygnns 

1885 m Andromeda 

1887 in Perseus, discovered by photography 
1891 in Auriga 
1893 in Norma , 

1895 in Carina, 

1895 m Centaurus , y all photographic detections 
1898, m Sagittarius, 

1899 in Aquila , 

1901 in Peiseus 

1903 in G-emini, found on the Oxford chart plates 
Making a total of twenty-seven besides four or five question- 
able instances mentioned in Chinese annals 

The most noteworthy feature of this list is the curiously 
partial distribution of the objects enumerated in it All but 
one of them he in the thoroughfare of the Milky Way, and 
nine are clustered together in the section of it marked by 
the stars of the Scorpion and the Serpent tamer In time 
also the grouping of the apparitions is strikingly unequal 
The occunence of three within the seven years 386 to 
393 An was succeeded by a blank of foui and a half 
centuries Kepler s came pretty close upon Tycho s stai , 
none were recorded between 1670 and 1848, then within 
little more than half a century seven Novse attracted 
visual attention and six made their marks upon sensitive 
plates 

The brightest sidereal object known to us by authentic 
description was the stranger-star in Cassiopeia observed 
by Tycho Brahe ^ He first saw it November 11, 1572, hut it 

^ Wolf OescUihte der Astronomie p 414 Kaisei De Sterrenhemel Part i 
p 582 Lynn Observatory vol p 268 Daeyer %b%d vol t'siiv p 166 
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had already beea noticed hy Wolfgang Schuler at Wittenberg 
Hovember 6 and by Lindaner at Winterthur November 1 
vrhile Matnolycus entered upon its systematic study at Messina 
November 8 Observed by Tycho to be the rival of Venus it 
showed to Leen eyes at midday and at night thiough clouds 
thick enough to obscure every other star After about three 
weeks however it began to fade and m March 1574 dis 
appeared finally Its colour was at first dazzlingly white then 
for a while ruddy and from May 1673 onward pale with a 
Imd cast Eapid scintillation distinguished it throughout 
There is no reason to suppose the outburst other than solitaiy 
The appearances in the years 945 and 1264 connected with 
it by a Bohemian astrologer named Cyprian Leowitz weie 

almost eertamly apocryphal ® s .. n , 

The new star (designated B Cassiopeise ) can still be 
perceived smouldering in the spot where it once blazed 
Tychos measurements reduced and discussed by Argelanaer, 
located it within one mmute of arc of a i eddish eleventh 
magnitude star the character of which as disclosed by the 
observations of Hind and Plummer in 1870 4 and of Safarik 
1888 9 0 * f nlly warrants the inference of its identity with 
the famous temporary Not only is it variable bo the 
extent of nearly a magnitude, but it fieq.ucntly seems ha/y 
and ill defined as if through some abnoimality m the quality 

ofitshght X 1 KI 70 

The star of 1604 ran a parallel course to that of 15 7z 

Discovered by Maesthn, October 9 and obsuvod by Galileo at 
Padua October 10 it quickly overtopped Jupitu, bub by the 
end of March 1605 had sunk to the thud magnitude, aud a 
year later vanished Kepler describes it as sparkling like a 
diamond with prismatic tints ® hut says nothing of piogicssive 
changes of colour ‘ Nova Seipenbarii has left behind no 
clearly identifiable representative 

The next new star was discovered near /3 Cygiii on June 


1 Tyclio De N'ovd BUlldu (mm 1672 p 302 
TycKo T'lid'hciumj dt N^ovd ^telld 

s Lynn. Obsermtory vol vi pp 126 161 Sadlei E7igZ%s7i Medmiic vol 
XXY p 402 'lyclio Brahe Frogymnasumta, p 331 

^ Monthly JSToHces vol vxviy p 168 (^oT:^BCcttoi^log%mof'kmwnV(x^r%ahle’3 
p 164 Astr Mach No 2950 
^ Kepleri Operco tup 620 
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20 1670, by Aiithelmus, a Carthusiaa monk at Dijon It 
■was then of the thud magnitude hut its decline unlike that 
of others of its class was interrupted by two leappeaiances 
separated by internals of inYisibility Between March and 
May 1671 it lose from the fourth to the third rank then 
<hed out, only flickering up to the sixth magnitude in March 
1672^ Almost exactly m its assigned position Mr Hind 
picked up April 24 1852, a star between the tenth and 
eleventh magnitude which when reobserved in 1861, had 
lost more than half its light and gave the blurred image 
characteristic of many superannuated Ifovae ^ The triple 
maximum of Anthelms star assimilates it to Jansons 
variable P Oygni^ which has itself often been classed as a 
Nova 

An object uneq[uivocally such was detected by Mr Hind in 
Ophiuchus April 28 1848 when it was of 6 7 magnitude, 
and intensely reddish yellow^ Pour days later it had 
mounted above the fifth magnitude from which eminence it 
slowly descended making no lasting halt until m 1874 5, it 
had got down to the thirteenth magnitude ^ 

With the spectioscopic study of temporary stars a fresh 
chapter m our knowledge of them opened Through the 
magic of the prism more was ascertained as to then essential 
nature in five minutes than could have been learned m as 
many centuries with the telescope alone On May 12, 1866, 
Mr John Birmingham of Millbrook near Tuam m Ireland, 
was amazed to perceive an unfamihar star of the second 
magnitude shining in the constellation of the Northern Crown 
On May 16, the application of Sir William Huggins s spectro 
scope showed the object to be wrapped in a mantle of blazing 
hydrogen Pive bright lines (three of them due to hydrogen) 
stood out from a range of continuous light broken up into 
zones hy flutings of strong absorption ® The incandescence of 
the star was hence largely atmospheric and for the rest from 
the rapid rate at which it fell away could have been only 

^ J Cassim SUments ^ Astrooiowiie p 69 

2 MomMy N'oHces vol xxi p 231 Mature vol xxxii p 355 The stai is 
No 1814 in the Grieenwich Catalogue lor 1872 

^ See p 02 Astr Nach Nos 636 638 672 

Monthly MoUees vol \xi p 232 
^ ProoeediTigs Moyal Soc%ety vol xv p 146 
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^ stin deep Although the light decreased by a daily half 
magnitude and its colour changed fiom white to orange no 
alteration took place in the chaiacter of the spectrum The 
bright rays howeyer faded somewhat less quickly than their 
continuous background 

The visibility of the object to the naked eye lasted only 
eight days and already in the beginning of June it had sunk 
to the ninth magnitude Its slow subsequent decline was 
interrupted by fluctuations thought by Schmidt to be 
periodical in about ninety four days^ When observed by 
Vogel March 28 1878 and again by Barnaid iii 1902 it 
was of about 9 5 magnitude and gave an oidinary stellar 
spectrum 2 Virtually it had resumed the conditions of its 
existence when Schonfeld entered it as of 9 5 magnitude m 
the Bonn Durchmusterung Its leap upward to the second 
magnitude involving a thousand fold gain of light was 
accomplished with extraordinary suddenness Two hours 
and a half previously to Birmingham s discovery Schmidt 
surveyed at Athens the constellation in which the blaze was 
about to occur and noticed nothing unusual He was certain 
that the star could not then have been as blight as the fifth 
magnitude 

Although its charactei as a ISTova seems undoubted, the 
name of T Coronse was bestowed upon it in conformity 
with Argelanders system of nomenclatuie by which the 
variables in each constellation are designated in the older of 
their discovery hy the Eomaii capital letters from E onward 
Only stars otherwise anonymous however are included m the 
distinctive series thus created so that many vaiiables ire still 
entitled m the ordinary way hy G-reek letters 

The stellar apparition that ensued aftei ten years was, in 
some of its features the most remarkable of all Dr Schmidt 
noticed at Athens ITovember 24 1876 a stai of the thud 
magnitude near p Cygm in a spot till then untenanted by 
any known stellar inmate The weather having been cloudy 
during the previous four days there was no possibility of 
tracing the steps of its ascent but it ran down veiy rapidly 
and ceased to be visible to the naked eye on December 15 

^ J.str N'aoh No 2118 

2 Mona,mer%oUe Ber in 1878 p 304 Monthly Notices vol Kn p 418 
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Its changes of colour pursued an inverse older to those of 
its predecessor From golden yellow it turned white and 
eventually bluish 

The earliest spectroscopic examination of ]Sro\a Cygni 
was made by M Cornu at Pans December 2 and 4 ^ Just 
the same range of blight lines was measured by him which 
would start into view in the solar spectrum upon a considerable 
augmentation of incandescence in the suns gaseous sur- 
roundings Besideb three if not four hydrogen lines there 
were the yellow helium ray (wave length 5875) with several 
of its subsequently identified companions the magnesium 
group 6 and probably the sodium D The star at the height 
of its outburst scarcely seemed to diverge from the type of 
/3 Lyrae and 7 Cassiopeiae The C of hydrogen was vivid , 
the continuous spectrum stiong But as the light diminished 
remarkable changes supervened^ Red hydrogen insensibly 
yielded its supremacy to green , only a faded remnant of the 
geneial prismatic radiance survived in the yellow and blue , 
helium ceased to glow , and the lazulite band of 7 Velorum 
(mtiogen^), identified by Copeland January 2^ gained 
unexpected prominence 

Meanwhile the chief nebula hne usuipmg the place, as it 
were, of an adjacent green line of helium had been steadily 
creeping to the fiont , and when observations suspended in 
March owing to the encroachments of daylight were resumed 
by Dr Copeland at Dunecht September 2 1877 it stood 
alone ^ All the surviving light of the object — by that time 
sunk to 10 5 magnitude — was concentiated in that solitary 
green ray and a minute planetaiy nebula was in appearance 
substituted for a star But this too proved to be a phase 
scarcely less transient than the rest Three years later when 
the Nova had dropped a couple of magnitudes lower still 
indications were obtained at Harvard College of its affording 
an ordinary stellar spectrum^ They weie fully confirmed 
from the evidence of a spectrogram taken by Mr Palmer 
with the Crossley reflector August 12 1901 which showed 


^ Com^tes I eiidus t IxxTiii p 1172 
2 Lockyer Froc Boyal Socuty vol xlui p 139 
® Gopermmis vol 11 pp 102 112 ^ Ibid p 106 

® Annual Leport 1879 80 p 7 
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the faint rays of IsToya Oygni to he unmistakably continuous 
Professor Barnard observed them shoitly afterwards with the 
Yerkes 40 inch refractor to be visually ill defined and bluish 
the star being estimated at about 15 5 magnitude^ He could 
detect no change in its position relative to the suirounding 
stars mapped twenty four years earlier by Copeland and 
Lohse 

The hTovee of 1866 and 1876 appear to have been ot 
essentially the same character notwithstanding some variety 
in the phenomena attending their decay But they were 
not more closely assimilated by the analogous peculiarities 
of their hght than the pair we are now about to describe by 
the singular circumstances of their situation On May 18, 
1860 a nebula in Scorpio, numbered 80 on Messiers list 
(6093 in Breyers New General Catalogue) was observed by 
Dr Auwers at Berlin^ It presented its usual appeal ance 
of a somewhat hazy ball of light brightening gradually inward 
and resolvable with difficulty into separate stellar points, 
together constituting a closely-packed and most likely ex 
cessively remote globular cluster Three nights later he 
looked again and saw that these minnows had a tiiton in 
their midst A seventh magnitude star shone close to the 
centre of the stellar group The existence of the new coiner 
lasted visibly just three weeks Before May 25 a decline set 
in, it had made considerable progress when, on Miy 28, Mr 
Pogson (uninformed of Auwers s discovery) was startled by the 
apparent substitution of a star for the nehul i/ the dim 
luminosity of which seemed actually obliterated by the keen 
stellar radiance emanating from within it It recovered, how 
ever very speedily from this merely optical efifacement On 
June 10 its normal aspect was almost restored and has never 
smee been disturbed 

After the lapse of a quarter of a century the significance 
of the event was accentuated by its repetition This time the 
great nebula in the girdle of Andromeda was the scene of the 
outbreak The unlooked-for addition to it of a '' star-like 

^ L^eJe BulleHni ITo 34 Astroph Journ vol xvni pp 232 233 

2 Monthly muoes yoI Ixii p 406 cf J G Lohse %h%d vol xlvii 
p 494 

^ Astr Nach No 1267 ^ 


Montlily Not%ces vol xxi p 32 
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nucleus was announced loj Dr Hartwig at Doipat August 
31 1885 j but it turned out that the change had alread 7 
been perceived by Mr Isaac W Ward of Belfast, August 19 
and two nights earlier at Eouen by M Ludovic Gully who 
set it down as an effect of bad definition ^ Concordant 
observations by Tempel at Elorence Max Wolf at Heidelberg 
and Engelmann at Leipzig showed decisively that the strange 
object made no show down to 10 pm on August 16 and a 
photograph taken by the late Dr Common in August 1884 
gave positive assurance that a year earlier its place had no 
stellar occupant as bright as the fifteenth magnitude ^ What 
were virtually the first rays of the Hova reached the earth 
August 17 1885 

Between that date and August 31 it mounted from the 
ninth to the seventh magnitude , then without delay 
entered upon nearly as swift a downward course checked 
by only one decided pause Even the largest telescopes 
failed to keep it in view after March 188 6 The full yellow 
colour by which the star at first contrasted effectively with 
the silvery background it was projected upon faded with its 
light No haze or glow bluried its image which lemained 
sharply stellai with a power of 1100 on the great Princeton 
refractor when the adjacent nucleus of the nebula melted 
into a confused luminous blot^ Attempts, incomplete from 
the nature of the case made by Dr Franz at Konigsberg, 
and by Professor Hall at Washington, to determine the parallax 
of Nova Andromedae gave only negative results® So far as 
they were significant at all they indicated its immeasurable 
remoteness from the eaith nor should it be overlooked that 
Sir Eohert Balls similai experiment upon Nova Cygni had 
intimated a similar conclusion ® 

The spectrum of Nova Andromedae was of a dubious 
character It bore witness to a completely different order of 
incandescence from that of the blaze stars in the Northern 
Crown and the Swan The bright rays which it perhaps 
included were inconspicuous None were definitely determined 

1 Cbol et Terre Oct 1 1885 ® Astr TTach Nos 2682 2683 2691 

^ Ncbture vol xxxii p 522 
^ Yonnja Sidereal Messenger yoI iv p 282 

^ Astr Ndch 2816 ® D'unsznJL Observations Part V p 24 
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though the piesenee of several m the green and yellow ^ was 
strongly suggested to Sir 'Williani Huggins on September 9 , 
and Dr Copeland succeeded on September 30 m getting 
rough measures of three vaguely discernible accessions of 
brightness " The light however was mainly continuous , and 
a general resemblance in quality of radiance was one of 
many arguments proving a physical relationship between the 
star and the nebula This was indeed superfluously evident 
That om stellar conflagration should by chance be projected 
almost accurately upon the core of a nebula in reality dis 
connected fiom it is just conceivable , that two such highly 
improbable events should occur within twenty five years ol 
each other distances possibility A thud was barely rescued 
by photographic agency from ii revocable oblivion ^ Disco vexed 
by Mrs Fleming when its course was alieady nearly run, 
enough was nevertheless learned about Hova Centauri to place 
beyond doubt its analogy with its two predecessois The 
nebula m an outlying part of which it was lodged is catalogued 
asNGO 52683 the spectrum of the star, fortunately lecoided 
by a casual exposure in July 1895 showed the same 11 regularly 
coutinuous chaiactei with that of Hova AndromedeC "We 
may then feel assured that the Hovse of 1860 and 1885 as 
well as that of 1895 weie situated within the substance of 
the several nebulae which they temporarily illuminated 

This collocation obviously falls into line with the galactic 
affinities of other temporary stars The Milky Way is a pi me 
of condensation for all small stars but more especially, and in 
a marked degree for stars as well as nebula3 of a gaseous 
nature Temporary stars are closely cognate with these not 
merely through the brief gaseous incandescence bringing them 
to our notice but through the symptoms of nebulosity which 
survive it Opportunities fox their study have lately been 
numerous and varied Hi Anderson of Edinburgh is dis- 
tinguished as the visual discoverer of the two most remarkable 
Novae that have appeared for some centuries He announced 
the addition of a guest to the stellar family of the Charioteer, 
February 1 1892, but the Harvard photographs were found 

^ Report £7 it Assoczation 1885 p 935 
® Monthly Notices yol xlvii p 54 
^ F%fty first Hccrvoiidlf Eexmt x) 7 
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to have silently noted the event on December 10 1891, and 
the star s maximum brightness 'was fixed from their evidence at 
4 4 magnitude on December 20 Spectrographic methods, 
applied for the first time to such an outburst disclosed some 
profoundly significant pecuhanties since ascertained to be 
generally characteristic of ‘ temporary star-light They con 
sist mainly in the great width of the spectral hnes in the 
duplication of the bright by a corresponding dark senes and 
in their large relative displacements A fine speotiogram of 
Nova Aurigae taken at Harvard College during an early stage 
of its development is reproduced in Plate VI Three brilliant 
hydrogen lines beginning with P on the right are visible m 
it with their obscure more refrangible companions , the H 
and K of calcium are similarly conspicuous to the left, while 
the hydrogen series is continued in a less pronounced manner 
beyond them in the ultra violet It is instructive to compare 
with It (see Plate VII) a map of the same spectrum drawn by 
Father Sidgreaves from two photographs taken at Stonyhuist 
Eebruaiy 3 1892 It is in two sections The upper contains 
all the lines apparently present the lower those that were 
evident and indubitable The shorter wave lengths it will be 
noticed are heie on the right hand , E is in the middle and D 
undivided and distended is placed near the extreme left The 
hypothesis of a double origin for this extraordinary spectium 
iiresistibly suggested itself Two stars, one shining with vivid 
gaseous emissions the other showing heavy absorption lines 
were supposed to be in the act of rushing past each other 
with enormous opposite velocities a grazing collision, or tidal 
influen ce being invoked to account for the conflagration by 
which they were rendered suddenly conspicuous Accumulated 
incongruities however have thrown discredit upon the two- 
star theory and it has now few adherents That an encounter 
so wonderfully circumstanced should occur just once was con- 
ceivable , but the repetition of virtually identical occurrences 
year alter year transcended the powers of reasonable assent 
Nova Aurigae followed the example of a nebular brans 
formation set by Nova Cygni the change being in its 
case accompanied by a very considerable recovery of lustre 
The star then of sixteenth magnitude was lost sight of in 
April 1892, in August its light multiplied some three 
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hundred times was mostly collected into the green ray of 
nebnlmm (X 5007) FTor did it begin to ebb away again for 
many months and then only at the slow rate of about half a 
magnitude yearly Mr C D Perrine obseryed it in August 
1903 to be of the fourteenth magnitude, and actually 
succeeded in obtaining a legible speetrographic impression of 
its faint rays They proved to have nearly lost their gaseous 
character , the continuous streak yielded by them included 
only bare traces of bright lines ^ The rule in fact seenas 
general foi temporary stars of reyersion to a stellar type after 
a more or less prolonged nehnlous interlude 

Four new stars discovered photographically by Mis 
Fleming — Nova Normsein 1893 NTova Carin'e m 1895 ISTova 
Sagittarii in 1 8 9 8 and Nova Ac[uil8e in 1 9 0 0 — followed closely 
in the track of Nova Auiigse They deviated very little from 
the pattern of its spectrum^ and they underwent similar 
metamorphoses only yanishing more quickly and moie com- 
pletely They were then essentially phenomena of the same 
order though probably on a reduced scale since the duration 
of a Noyas phases may serye as a rough measure of its leal 
magnitude Clearly outbursts of the kind are incidents that 
occur with method and call for an explanation capable ot 
being uniformly applied 

The difficulty of finding one compiehensiye enough foi 
the purpose was not lessened hy the strange disclosures con- 
nected with the apparition of Noya Persei Early in the 
morning of February 22 1901 Hr Anderson saw with 

astonishment that Algol had a twm-companion which thirty* 
hours later was super eminent in the northern sky It was 
not until Fehiuary 24 that its light was distmctiyely thatot a 
Noya, but the seeming delay may have been due to its 
prompt discovery None of its predecessois had been caught 
on the rise and at once spectroscopically examined If they 
had it would probably have been found that the gaseous 
blaze inyariably needs some time to develop It took place 
in Nova Persei precisely in the same way as in Nova Auiig-e 

^ Mc7c B'ulMvti No 48 cf Palmesr ^l^d No 35 Bainaid Monthly 
Notices vol 1x11 p 418 

^ That of Nova Sagittaxii showed no conspicuous dark lines when plioto 
giaphed April 19 1898 but this was a comparatively late lecoid it is amply 
possible that the usual chiaroscuro effects had been, apparent a month pievioiif»ly 
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and its less noted imitators That is to saf the hiight bands 
were shadowed on their blue sides by heaTj bars of absorption , 
and these were shifted from their normal places by amounts 
corresponding on Doppler s prmeiple to the well nigh m- 
credible approaching velocity of one thousand miles a second ' 
The decline of the star was interrupted and irresolute 
During March indeed the mterruptions amounted to vivid 
spasms of recovery periodical in three days Yet the loss of 
light progressed despite of them By September 1901 the 
once briUiant Nova had ceased to he visible to the nahed eye ^ 
The singular nature of the corresponding spectrum can be 
gathered from an inspection of Plate VIII Tig 1 m which by 
the kind permission of Father Sidgreaies two of the Stonyhurst 
pihotographs are reproduced The differences between them 
it should be noted are mamly of instrumental origin , so that 
the sum of what each records gives a fan picture of the 
emission rays of Nova Persei after it had dropped below the 
sixth magnitude It had descended to the tenth in October 
1902, and its colour throughout that year was dnU white 
01 bluish® whereas it had at first been strongly red A 
speetiogram taken by Mr Penme July 30 1903 when it 
was of about the twelfth magnitude indicated that the nehulai 
lays for some time predominant had lost strength concomitantly 
with the usual restoration of continuous hght , ® aud we may 
he sure that the equahsation will progress until every spectral 
trace of the strange cataclysm of February 19 01 has become 


effaced , i j- w 

One of its accompaniments or consequences was absolutely 

without piecedeut A circumferential nebula was partiaUy 
photographed by Dr Max Wolf August 23, 1901, aud it 
came out as a complete series of spues issuing it might be 
said from the Nova as their origin m a Yeikes photograph 
of Septemhex 20 Later impressions secured at the two great 
American observatories supplied evidence the staithng pmport 
of which was independently perceived by Mr Perrme and 


1 Jost Astr Nuck, ITo 3821 
Barnard McmtUy Notues vol Ku p 418 


June 1902 

^ Lficlc B'uZl&thn N'o 48 
^ Ast'i JSfach Fos 3736 3752 3753 
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Mr Eitchey that the nebula was expanding at a portentous 
rate its swathed folds spreading outwaid month hy month 
like the ripples on a water surface disturbed by the fall of a 
stone Moreover, this had been going on steadily from the 
initial date of the star s visibility A Crossley reflectoi plate 
was found to have been impressed m ten minutes March 29 
1901 with narrow nebulous coils the obvious progenitors of 
those fully disclosed six months later For they were nairowei 
in the computed proportion of the time elapsed and would at 
the same rate of expansion have started from then focus in 
the star a few days befoie its observed outhreah In Plate IX 
the Lick photographs of March and Novemhei are shown in 
juxtaposition The augmented spread of the nebulosity during 
the interval can be gauged by using the small stu to the 
north west of the Nova as a point foi compaiison In the 
earlier picture it lies far out in the clear sky like a rock iieai 
high-water mark at low tide, in the second, it is heavily 
involved in folds of cosmic cloud 

Theories of the expanding nehula lound Novi Persei had 
to meet arduous conditions The star has no xpprccixblc 
parallax, and the indefinite remoteness thus implied foi it 
gave almost an assurance that the speed of the obseived 
movements in its neighbouihood could not have been inferior 
to that of light transmission Hence the idea occurred siiunl 
taneously to Professors Xapteyn and Seeligcr and to Mi 
W E Wilson that the motion concerned was ethcieal not 
material^ What we saw resulted they thought fiom the 
progressive illumination by the sudden stellai hla^e of a p)re- 
existent dark formation The rays photogriphed weic those 
of the Nova reflected from nebulous particles multitudinously 
strewn round its place The supposition indeed of a diik 
star lurking m the midst of a series of spherical shells of 
obscure fiilmy material ^ is not one that invites leady assent , 
noi did the observed movements within the nebula fit in quite 
satisfactorily with the illumination hypothesis It hid to 
encounter besides the difficulty that the light proceeding 

^ Astr Naoh Nos 3756 3759 Jtfature yol Ixv pp 198 298 

2 The effect viewed from the earth would have been that of a paiaholoidal 
surface projected on a plane See the demonstration hy 0 Iiuytics Astroph 
Journ Tol XIX p 131 
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fiom the nebula was not polarised as it should have been 
it leflected , and Professor Newcomb considered that the 
distince of the nebulous spues from the Noya must have been 
so greit as to pieelude the possibility of their shining per- 
ceptibly by means of its enfeebled light’- Thus the weight 
of opinion ultimately favoured Professor Verys hypothesis^ 
that the nebulous structure connected with Nova Persei 
resulted from its actual emission of minute particles imdex 
the stress of electrical repulsion or the subtle agency of hght 
piessure 

Nova Geminorum was discovered by Professor Turner as 
an intruded star of the seventh magnitude on a plate taken 
at Oxford March 16 1903 The Harvaid College photo 
griphic archives were then consulted and a record of the 
st ir s maximum on March 6 at 5 0 magnitude was extracted 
li om them , while a negative of March 1 showing stars down 
IK irl} to the twelfth magnitude pieserved no trace of it 
Mr Ncwall found its spectrum on March 26 to be ablaze 
with hydrogen and helium , and a photograph of so much of it 
as could he brought into focus at one exposure with the Yeikes 
icfractoi obtained by Professor Frost Maich 28 is repro- 
duced in Plate VIII Fig 2 Its predominant feature is the 
stioiig effulgence of the Wolf-Rayet lazulite band, the green 
hydrogen r xy to the right is of only half its width , the faint- 
ncSB ot Hy (blue hydrogen) is partly due to its unfavourable 
bitiiation, but Ha was perceived visually to he of great 
intensity and lent to the star its chaiacteristic crimson tmt 
Colour and brightness faded together and very rapidly the 
tiansience of the conflagration suggesting that it affected a 
comparatively small mass The decadent Nova was observed 
by Ihofessor Barnaid September 1 1903 as a hazy star of 
115 magnitude,^ yielding it had been ascertained at Lick 
August 17, a puiely nebular spectrum and it will doubtless 

sink CIO long to virtual extinction 

The minifold experience of recent years has ba-ught us 


49 


1 Jsh Jown IN'o 560 
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that a represeatative temporary spectrum passes thiough 
five weE-marked stages To begm with it seems — though for 
a very brief luterval — that of an ordmary helium star Heit 
it displays a series of brilhant rays set off by daik satellites, 
always of shorter wave-lengths Later blue bands emerge 
and the light partakes markedly of the Wolf Eayet peculiarities 
Fourthly it becomes concentiated into the green lays of 
nebuhum Fmally it reverts to whiteness and disperses into 
a dim featureless prismatic band A strictly methodical 
course of change is then traversed by these bodies They 
undergo transformations of a prescribed kind in a settled 
order Hor are any of then phases necessarily and essentially 
unstable smce each is exhibited permanently by the members 
of other sidereal families The conditions to which Novae aie 
temporarily subjected cannot then be adeq[uately explained 
without reference to the fact that they are durable elsewhere 
They cannot depend for their production upon the fleeting 
effects of catastrophes This consideration seems to dispose of 
collision and explosion theories of stellar outbursts For the 
displaced and coupled lines accompanying their vivid phases, 
which such theories are specially designed to account for do 
not exclusively distinguish new stars They occur as well m 
the spectra of permanent though peculiar denizens of the sky 
The most famihai examples are T Cygni and Cannae Both 
these stars now shme steadily though both underwent striking 
vicissitudes in the past , and both show spectra perfectly similir 
to those of Nov£e near their maxima Their remarkable quality 
of light accordmgly corresponds to a stite of things capable of 
persisting year after year decade after decade The causes 
which produce it must act uniformly and for an indefinite length 
of time They are not brought into action casuafly thiough 
some momentary combination Now this inference obviously 
applies likewise to Novae The spectral phenomena shown by 
them axe it is true of a transient nature Yet they ire the 
same observed to be constant m other stars No i itionale, 
accordmgly which expounds them on the exclusive basis of a 
passing catastrophe can be true 
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CHAPTER VIII 

STABS VAEIABLE IN LONG PEBIODS AND IREEGIJLAKLY 

Between two and three thousand stars are certainly or very 
probably variable and known objects of the kind multiply 
with the more systematic use of photographic methods In 
Chandlers Third Catalogue (1896)^ 393 were enumerated, 
seven years later 1309 figured in the Harvard Provisional 
Catalogue^ with its Fust Supplement® In 1904 no less 
than 4 O'? new vaiiables were brought to hght by Miss 
Leavitts comparisons of Harvard plates taken at different 
epochs , and detections go on apace both at Harvard * and 
at Heidelberg® So fai only a small proportion (417) of 
the stars recogmsed as variable have had periods assigned 
to them , with most acquaintance has been made too re- 
cently for the purpose , yet a large residue seem entirely 
lawless m hght change Periodical stars are divided into 
those with ‘ long ’ and those with short periods Hor is 
the distmction an arbitrary one The stars seem to separate of 
themselves mto two principal groups undergoing fluctuations 
111 cycles of respectively less than thuty and of 120 to 450 
days The paucity of stars with periods of intermediate 
lengths IS shown graphically in Fig 2 where the height of the 
curve represents the number of stars subject to changes pro 
portionate in duration to the horizontal distance from left to 

riglit 

Variations requiring several months for their completion 

^ A$tr Journal No 379 
Harvard Annals vol xlvm p 91 
® Harvard Cvrualar No 77 

5 M Wolf Astr Nath No 4005 
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differ both in degree and kind from those run through m a 
few days They are of much greater amplitude ranging ovei 
five to eight mstead of at the most two magnitudes, they 
are accomplished with less punctuality , and they ire fre- 
quently attended by symptoms of gaseous ignition almost 
wholly foreign to qmcker vicissitudes Most import iiit of all, 
they affect bodies of peculiar constitution Nearly all long- 
period variables are red stars with banded specti a , those of 
short period are white or yellowish in colour, and display 
Sinan or solar spectra Quality of hght is thus the pre- 



Pig —Distribution of 334 Periods of Variable Stars 

dommant factor in determmmg the law of stellar light changes, 
and IS itself dependent as we have seen, upon atmospheiic 
properties The rule is m fact almost unfailing that short 
periods are attended by shght long periods by strong 
absorption and that the conditions producing redness in stars 
not only favour variability in general, but almost absolutely 
prescribe its type 

Penods of between one and two hundred days may be 
caUed long , but as Fig 2 shows they are not of plentiful 
occurrence Such fluctuations as now engage our attention 
usually demand more than 200 days foi their accomplish- 
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menb, and are seldom prolonged 'be 7 ond 450 Dr Chandler 
considers 320 days as the average duration of change for long 
period variables/ the pievalence however among them of 
periods of about one year is remarkable and cannot be 
accounted for by mere accidents of observation The first 
ind best known specimen of the class the members of which 
on January 1 1904 numbered 397^ anticipates by about a 
month the rule of annual recurrence 

When Bayer in 1603 affixed in his charts the Greek 
letter o to a small star in the neck of the Whale he had no 
suspicion of its identity with a supposed Nova’^ which had 
disappeared seven years previously after blazing up to the 
second magnitude Its discoverer, on August 13 1596 was 
David Eabricius of Osteel in East Friesland , hut though he 
saw the object again, February 15 1609 he left it to John 
Phocylides Holwarda professor of philosophy at Franeker in 
Holland to ascertain its true character m 1639, and the 
repetition of the phases in cycles of 3 3 3 days was estabhshed 
in 1667 by Boulliau^ The name Mira bestowed by 
Hevelius upon the changing star m Cetus commemorates the 
amazement excited by the detection of stellar periodicity 

The phenomena it presents would seem incredible were 
they less well established Once in eleven months the star 
mounts up in about 125 days from below the ninth to near 
the third or even to the second magnitude , then after a pause 
of two or three weeks drops again to its former low level in 
once and a half times, on an average the duiation of its 
rise The brightest maximum on record was observed by 
Sir William Herschel, November 6 1779, when Mira was 
little infeiioi to Aldebaran , ^ the faintest minimum that of 
1783 IS said to have carried it helow the tenth magnitude 
An extent of eight magnitudes may then be assigned to 
the oscillations of this strange object which accordingly 
emits at certain times fully fifteen hundred times as much 
light as at others That each maximum is a genuine con 
flagratiou has been proved hy spectroscopic observation , the 
conflagrations recur yearly, with approximate regularity and 

1 A$tr Journ No 193 

» Earmrd Cmular No 74 * MoniMiin aA Astroncmos p 7 

‘ Phil Tram vol ta p 338 
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after three centuries of notified actmfcy, give no signs of 
exhaustioD. ’ 

Tie height of the maxima howerer, vanes gieatly The 
consecutiTe ones of 1887 and 1888 (represented fionx Colonel 
Markwiehs observations in Fig 3) showed a ncaily fourfold 
difference of intensity, but Heiss remark that high and low 
maxima tend to alternate has not m the long run proved con- 
sonant with facts There is no rule by which the bnllmncy 
of impendmg phases can be piedicted That of FTovemher 
1868 in which the star jnst failed to reaeli the fifth magnitude 
was it IS true preceded by a high maximum, but several 
average or low maxima followed it All tli it can ho said is 
that exceptionally bright apparitions are isolated , they do not 
come m sets but one by one at eonsideiahle intervals, at 



Pig 3 —Two consecutive Mavrina of Miia Coii 

mteivals if M Gathnicks conclusion pioves coircoi of 
years The high maxima of 1779 1839 iiid 1898 suggosiul 
this period prescribed — it is thought possible — by extra tidal 
disturbances due to the periastron passages oi a distant satcllito 
revolving m a very eccentric orbit ^ The next bi illiant phase 
need not be looked for on this showing until 1957 

At minimum Mira rarely descends fir below tht ninilx 
magnitude Tig 4 portrays from the observations ol Mx. 
Stehbms^ the gradations hy which it lost and leg lined liglit 
m 1902-3 Although the star appears never to become 
actually inert its changes during six weeks amount to no 
more than fiuttermgs about the lowest level of brightness 
The progressive reddening of its rays as they grow dim xs 
held by M Osthoff to be explicable as a physiological effect ^ 


^ Astr Nack IMo 374:6 
Astro^Ti Joum vol xviii p 346 
® Astr Nach IsTo 3940 
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S|Kckil vaimtiom art, nevtrtlieless, evident^ and must con 

tnlmtc to tht rcHitli 

Tlu pinodKit} of Mira obeys a highly complex law 
1 H viaiioiiH to the c xtent of a fortnight from the ‘ mean period 
oi » II diys an common and the maximum of September 29 
IS 10, wiw a Ml month lite^ Its perturbations may indeed, 
Im ilicniHelves periodical, but if so their law has not yet been 
Htic c t SttMly fomiiil itcd Argelandei detected the influence of 
a w Wis of disturbance with an amplitude of twenty five days 
and embracing eighty eight periods , ® Schwab s observations 
indicated Buborclin ite ripples of cbinge in six and a half days 
ami there aie half ef! iced traces of several oscillations besides ® 
Yet none aic epute secuiely established Guthnick however 



has entm (onfidciuo in the reality of an ineqnalifcy covering 
JOO tjd(R (IBO ycaw), which is doubtless the eqmvaleut of 
(me BuqKiUd by Argelandei with u period of 160 years The 
ti!«t of veiifidl pruhction will eventually decide whether he is 
light The shfqx of the hght-curve, too vanes notably Its 
twakB aio bonu times niueli blunter than at others, and the 
Htai, whuh usually retains its full lustre during a fortnight 
luH bien known to lonwin twice that time stationary btili 
mou Hingulirly ehe otherwise invariable rule of an increase 
mttn iHpid th in tho ensuing decrease was reversed in 1840 
Sivt> two (lays wore otcupied in weending from the sixth to 

« Aniroph Tourii vol xvin p 360 
A$iT Nach Ko 416 
‘ imim r JU ohachUmqcn Bd yn 1> 332 
^ Nach No 2731 
rnmunhoiats Cosmos vol m p 234 
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the third magnitude forty nine only in sinking back to the 
datum level The anomaly, due to what might be called an 
unprepared retardation of the maximum lecalls the abnormxl 
comse of the sunspot cycle which culminated at the close 


The spectrum of Mira is a splendid example of Secchis 
third type Eleven bands of profound shadow sharp towards 
the violet gently gradated towards the led, thiow out into 
strong relief the intervening brilliant zones , while daik hnes 
of metaUic absorption, and vmd hydrogen rays vary the effect, 
and add to the intricacy of the characters to be deciphered 
The more refrangible members of the hydrogen senes are those 
chiefly brightened in this star , no trace of C betrays itself to 
the most attentive scrutiny , F has never been seen, ^d is 
only occasionally photographed^ Its violet associate. He is 
also exceedingly dim either mtnnsically or because of the 
obscuring effect of a coincident calcium band The brilliant 
phase of Mixa in 1898 was attended by a curious triplication 
of the blue hydrogen lines ^ as if through powerful magnetic 
action But the phenomenon has not lecuired , hence the 
polarismg experiments by which its natuie could be estab 
hshed have yet to be tried The dark lines in this spectrum 
are affected by motion shifts coriesponding to a lecession ot 
the star from the earth at the rate of 66 kilometres (40 miles) 
a second,^ the bright lines are much less displaced Yet 
there is no evidence that the absorption and emission rays, 
although they act thus independently, belong to distinct bodies 
Mira IS to all appearance a singly constituted star 

The same may be said of a variable in the neck of the 
Swan, which Bayer ignorant of its changing charactei set 
down m his maps as of the fifth magnitude It still retains 
the name he gave it of ^ Cygni Missed by Gottfried 
Kirch m July 1686^ it reappeared October 19 and sub 
sequently disclosed to his vigilant watch fluctuations even 
wider than those of the wonderful star in Oetus It descends 
below the thirteenth and rises nearly to the fourth magnitude, 


^ Stebbins Astroph Journ vol xvm p 364 
^ Campbell %b%d vol ix p 31 
® Stebbms %bid vol xvm p 352 
^ Miscellanea Berohnensia tip 208 
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sometimes mdeed stopping short -when harely visible to the 
naked eye, but more commonly remaining lucid for a couple 
of months Soi is its course much better regulated as regards 
time ^‘Errors ’ up to forty days often attach to its phases 
aud the attempt to correct them by the introduction of cyclical 
terms has proyed only partially successful^ The period 
estimated at 402 days by Kirch now averages 406 Olhers 



Ficj 5 — Liglit curve of E INonnse 


noticed that it had been steadily lengthening dovn to 1818 
and It IB lengthening still The compensatory process anti 
oipated by him has not set m As nsnal in such cases the 
ascent to maximum is much more rapid than the descent from 
it, occupying at present about 1*71 days 

1 Bonner JBeol) Bd m p 336 MannU'imer Mreslen^ Bd xl p HO 
2 Sch-umacher s Jahrhuch 1841 p 93 
» Chandler Thwd Catalogm 1896 
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The coloimaded spectrum of % Cygm is appiopnate to its 
scarlet colour Moreoyer on May 19 1889 when the star 
was near a maximum Mr Espin perceived evidence in it of 
direct radiation by hydrogen which seems to be quite similarly 
conditioned to the blaze in Mira The first and fifth members 
of the series (Ha and He) are missing, the second (H^) is 
perhaps less evasively present There is besides a discrepancy 
m the positions of the bright and dark systems of Imes 
analogous to that perceived in the spectrum of Mira^ and 
obviously connected with the peculiar processes of light change 
characteristic of such stars 

The hght curve of E Normse is depicted in Fig 5 from 
Mr Inness observations in 1898 99 at the Eoyal Observa- 
tory Cape of Good Hope^ It is of a very unusual character 



Each cjcle includes a pronounced double maximum, resulting, 
we can scarcely doubt from the full and unrestricted develop- 
ment of a tendency half suppressed in most variable stars, 
to arrest the ebb of light at a certain interval after the 
culmmatmg crisis The vicissitudes of solar agitation, too, 
undergo a similar phase of hesitancy as may be gathered from 
Fig 6 which portrays from the Greenwich observations, the 
virtually double facular maxima of 1882 and 1884, and of 
1892 and 1895 The variability of E Normse was first 
noted by Gould in 1871 An average period of 481 days 
18 conformed to , but extensive divagations from it are 
patent 

They are however insignificant compared with those of 

^ Eberliard Astr Naeh No 3765 Astroph Journ vol xviii p 198 
Annals of the Cape Observatory vol ix p 107 B 
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IT Inpi Indttd this stir barely pretends to regularity 
SoKutiuuH it iH true, the sudden lalures of light distinguish- 
1 ig it hiu i iH d c tdi othoi at intervals of about eighty seven 
davH tint in inteiiuption is sure to supervene baffling all 
itt(iu]ttH it <inticipation, and the oscillations are then resumed 
HH i! bj a lush impulse In Eig 7 two successive minima 
»ut nprtHonUd — one complete, the 
otlur memmgly ibortive Mr 
I tines (Usiovtxal this singular 
(ih)tHt m 1808,^ through its unex 
}dimiH.l ihsonto from the Cape 
IhiK hniustirung plates, and 
wiittlud the capinces of its in 
Hl.iliility during three years 

Uy far tlio longest period 
jtt ittnbutcd, on reasonably 
juod ovidcnai, to a vannblc stai 
by Ih Ludindorff of Potadam in 
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■wis assigned to e Aurigse 

1903^ As a white star 

with a siiulium KBimbliiig tint of a Cygni it should not be 
pu disposed to luhtabihtj, lud the amplitude of its changes 
1 m hut ot no moi( than seven tenths of a magnitude, 
impljing ti udiKtion of biightness by one-half Moreover 
till) t iki plato v(iy gi idually, and are rarely observed Eor 
tho most part, the star ahincs with approximate constancy at 
I S magmliidt Its phists of dimness were believed to occur 
(imb iiuigularly.iiutil Ih Ludendorff showed by an exhaustive 
distUHKum, that tiny are subject to a periodicity of slightly 
mom than twdity-sivon yeais Decline and recovery occupy 
thiitf'ou or fomteen months, an intervening stationary time 
ol h.a«t hgh^ lasts )ust ten, so that the enfttre oscillation 
mods dost upon two yc^ars foi its accomplishment 
Mill risoided in tin ninotoeiith century, a fourth in 1901-^ 
It i.niiins to he men whether future minima will honour the 
duoiuH ol (ahuhtion as tiny fall due Illusory effects of 
uonodinty huvt often been perceived in stars fundamentaUy 
iiiMmln and e Auiige may still evade the law of or 
w lad. It h IS t. mpoianly obeyed Its character as a spectro 
„opu biiuuj, estahlishod by Drs Vogel and Eberhard in 

* iiti roiirnal No 442 
A tr Mwh Nos 4918 20 
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1902^ cannot well he supposed extraneous to its l-uminons 
Tariability , but the mode of connection remains enigmatical^ 
since the occurrence of eclipses is precluded by the conditions 
of movement that appear to prevail in the system ^ 

We now come to that unique star, tj Carinoe Its actual 
appearance is insignificant Invisible to tlie naked eye it is 
telescopically distinguished only by its reddish colour and 
slightly superior brightness from the crowd of small stars 
embroidering one of the finest of the southern nebul c, named 
the Key hole Nebula from the aperture of that shape with 
which it is centrally perforated Close to one edge of the 
aperture m the densest part of the nebula 77 Carinoe is placed 
Nor can we suppose its position fortuitous Tlieie is eveiy 
reason to believe the star to be really plunged in nebulous 
substance, and the peculiarity of its environment combines, 
we must suppose with peculiarities of constitution to pioduce 
the exceptional character of its changes 

The first observation of 77 Cannae was made by Halley at 
St Helena in 1677 when it was of the fourth magnitude, 
had it been as bright in the second century ad, Ptolemy 
would presumably have recorded it since as Mr innes points 
out ^ the chief stars m Crux and the Centaur which culminate 
about the same altitude are included in the Almagest 

Soon after the young English astronomer made his 
hurried survey of the southern sky the variable had a notable 
accession of lustre Pfere Noel a Jesuit missionaiy in China, 
rated it as of the second stellar rank, 1685-89^ and so it 
appeared to Lacaille in 1751 , yet the discrepancy with 
Halley s appraisement remained unnoticed The higher 
^timate was confirmed by those of Fallows Brisbane, and 
Johnson ml822 1826 and 1832 respectively, an intervening 
dedme having been noted only by the traveller Burchell, who, 
fannliar with the star as of the fourth magnitude in 1811-15, 
was surprised one night m 1827 at San Paolo in Brazil, to 
see It temporanly raised to a level with the finest brilliants 


^ S%t ungslencTvtc Beilin UoYember 27 1902 
A M Olerke Olsermtory toI xxvii p 118 
^ Anmh Oape Observatory yoI ix p 75 b Henderson 

author of the remark 

* Wmnecke Astr jrach No 1224 Klein Sinus Bd 


IS referred to as the 
ri p 286 
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of the sky Another and a still more yigorous outburst 
was witnessed by Sir John Herschel, December 16, 1837 
Without previous note of warning the star all at once 
nearly tripled its light, and before the end of the year fully 
matched a Centauri Since then it has been kept under 
strict suiveillance as a notorious character and not without 
reason After a partial decline and several preliminary 
^‘flutterings it reached a final maximum in Apiil 1843 
when Sirius alone among the fixed stars slightly outshone it 
This high position was moreover fairly well maintained for 
nine or ten years Gilliss at Santiago in 1850 found it veiy 
little inferior to Canopus in light and in colour more deeply 
tinged with red than Mars ^ Still of the first magnitude in 
1866,^ it fell to the second in 1858, to the third in 1859, 
and ceased to be visible to the naked eye eaily in 1868^ 

For sixteen further years the slow ebb of light continued 
and the magnitude of the once effulgent orb carefully 
determined by Mr Finlay at the Cape was in March 1886 
only 7 6^ This proved to be the beginning of a stationary 
minimum of indefinite duration The star has suspended its 
fluctuations and it is impossible to say when it may resume 
them Quite probably its history is one that does not repeat 
itself Our continuous knowledge of it is embodied in the 
accompanying diagram (Fig 8) A single vast oscillation is 
indicated occupying about a century for its completion and 
diversified by secondary fluctuations of a very conspicuous 
character (innumerable minor ones are ignoied in the figure) 
The data at present available howevei afford no grounds for 
concluding this oscillation to occur regularly Attempts to 
issign a period to the variations of this object have signally 
failed Wolf s of forty six ® and Loomis s of seventy years ^ 
were both palpably too short , larger time allowances encoun- 
toied obvious difficulties , and Carinse was by general con- 
sent abandoned to its own lawless courses Protracted periods 
of light change have in several othei cases been suggested 

^ Abbott Monthly MoHces vol xxi p 230 
Moesta Astr Ncbch l^o 1054 
Tebbutt Monthly Not%Qes 'vol xx.xi p 210 
4 Monthly Notices yoI xlvi p 340 
® Ilidr vol xxm p 208 
^ Ibid vol vxix p 298 
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Taut have m none been verified unless Dr Ludendorfifs of 
twenty seven years for e Aurigae prove an exception The 
stars they were ascribed to when the time came for a repeti 
tion of their presumed cychcal changes showed a total want 
of conformity with what was expected of them As examples 
may be mentioned 63 Cygni to which Mr Espin attributed a 
period of five and E Cephei thought by Mr Pogson to obey 
one of seventy three yeais 

Thus the great southern variable cannot be depended 



upon to revive its past splendours There is nothing inevit 
able about the kind of fluctuation it exemplifies One might 
mdeed say of it in Jack Cades phrase then is it in order 
when it IS most out of order Irregular light change seems 
to develop all its resources in the vicissitudes of rj Cannae 
They have included quick yet sustamed ascents in brightness, 
md also evanescent kmdlings Stationary epochs have been 
lollowed by epochs of mstabihty, at some times the star has 
shown a tendency to establish itself at halting places at others 
to shp along an inclined plane of change In aU this it 
differs materially from temporary stars which leap up as if 
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"by a single impulse to their solitary maximum after winch 
they lose in a few months the whole of the light they had 
acq^uired The nature of its hght on the other hand 
assimilates it to the temporary class Sir David Gill s study 
of photographs taken with the McClean apparatus m 1899 
demonstrated a close agreement between the spectra of the 
smouldering variable and of Nova Aurigse when neai 
maximum ^ Hydrogen-lines hroad and blight with dark 
companions on their more refrangible sides were the leading 
feature of both, and a feature no less emgmatical in the one 
case than in the other Yet the fact as already lemarked 
IS of profound importance that the conditions transiently 
present in Novae have heen rendered permanent hoth in 
'rj Cannae and in P Cygni, the q[uasi-Nova of 1600 now an 
nnexceptionally steady fifth magnitude luminary 

Among the miscellaneous objects comprised in Pickerings 
third class of variables aie some slightly changeable third- 
type brilliants Sir William Herschel added m 1795 a 
Herculis to the list of seven fluctuating stars then known ^ 
A period of two months assigned by him to its oscillation 
between 3 1 and 3 9 magnitudes has proved illusory Duiing 
some years the swing appears almost to cease then is 
hurriedly resumed but with no settled order The analogous 
variations of Betelgeux and /3 Pegasi are equally unmethodical 
A conspicuous brightening of the former star attracted much 
attention in the autumn of 1902 but speedily subsided 

The extraordinary character of a star long known as 
" Variabihs Coronae now called "E Coronae, was discovered 
by Pigott in 179 5 j a near neighbour of the blaze star of 
1866 its changes are of the nature of extinctions rather than 
of outbursts Ordinarily of 5 5 magnitude it occasionally 
drops out of sight with small telescopes and after Imgeiiiig 
below the tenth or even the twelfth magnitude fox many 
months slowly regains its lost light But its phases at times 
suspended as during the seven years 1817-1824,^ aie 

^ Monthly Mot^ces vol Ki p 456 App iy of Earmrd Annals yoI 
xxYiii p 175 (Miss A J Oaanoii) 

JPh%l Tmns yoI Ixxtvi p 452 

3 Aigelander Bonner Beoh Bd yii p 374 Olters Imer Jahrhnch 
1841 p lOO 
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at others ill marked Thus at the minimum observed by 
Sawyei October 13 1886 the star was still of 7 4 magni 
tude^ It shows a peculiar spectrum needing closer in 
vestigation 

E Cephei is a star which since the beginning of the 
present century, has lost ^ of its radiance, and at piesent 
in no way tends towards recovery In the time of Hevelius 
it was of the fifth magnitude, and Groombridge's observation 
of it in 1807 showed it to be then still unchanged By 
1840 however it had sunk to the tenth, and has never since 
risen above the eighth magnitude^ Its identity with the 
24 Cephei of Hevelius tracked out by Pogson in 1856,^ is 
universally admitted Of late years it has shown no sign 
of variability Its light considered by Schonfeld to be 
tinged wjth red appeared bluish to Farley in 1838 

Genuinely red stars are ordinarily subject to shiftmgs 
of photometric standing Among twenty two such kept 
in view by M Safarik at Prague from 1883 to 1888 
foi the express purpose of testing their constancy only 
nine remained without noticeable change two weie found 
periodically six irregularly variable, and five either vanished 
or lost great part of their light Earlier observations of 
several of these objects certified the progress of their decline 
during twenty to twenty five years ^ An example of a sudden 
acquisition of lustre is afforded by a small red star in the 
same field of view with y Cygni Between December 1886 
and June 1886 Mr Espm perceived it to have risen in rank 
by a whole magnitude® that is to be giving out two and a 
half times as much light as six months pieviously And so 
far as is known the gam has been kept 

The track of recent astronomical progress is strewn with 
the dilapidated remnants of hypotheses invented to explain 
the strange phenomena of stellar variability Nevertheless, 
much has been learnt as to their relationships and essential 
nature The gaseous mcandescence for instance, visible in 

^ Astr Journ ISo 151 

2 Schonfeld MannhezTmr JahresberyM Bd xl p 113 Gore s Cataloqw, 
(1884) p 200 

^ Monthly Notzces vol xyii p 23 
^ Astr Nach No 2874 
® Journal Lzv Astr Soc vol v p 2 
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the spectra of periodical stars near their maxima brings them 
into such close physical lelationship with temporary stars as 
absolutely to prohibit the speculative separation of the two 
hinds of change they respectively exhibit A theory stands 
self condemned which deals with them on different principles 
Moreover the association of variability with processes of 
luminous change in stellar atmospheres has been rendered 
obvious, and this at once disposes of darkening expedients 
as by slag-formation, vaporous obscurations and axial rotation 
bringing bright and dark sides alternately into view Eq[uaUy 
inadmissible is the rationale of stellar fluctuations by inter 
mittent chemical associations and dissociations at the atmo 
spheric outskirts of cooling bodies ^ Tor the increase of hght 
at maximum demonstrably ensues upon a real access of 
incandescence and is not a mere appearance due to the 
dissipation of absorbing vapours The flies really die down 
and leap up at regular intervals , they are not merely screened 
off and disclosed 

Attempts have several times been made to explain the 
periodicity of stars through the influence of satellites revolving 
1 ound them in highly eccentric orbits Khnkerfues suggested 
great atmospheric tides raised at successive perihelion passages ^ 
as a means of bunging about peiiodic interceptions of light 
Plassmanns^ view of tidal effects is wider and perhaps 
embraces a partial truth For just as in the earth the 
unequal attractions of sun and moon on its centre and 
surface sometimes provoke though they could not produce 
earthquakes, so the tide -raising power of bodies makmg 
very close approaches to stars in a critical state of heat 
equilibrium may serve as the occasions of luminous outbursts 
of a temporary or recurrent nature 

Sir Norman Lockyers meteontic hypothesis mcluded the 
piegnant idea that variables are to be regarded as incipient 
double stars ^ But it had a different apphcation to that 
imagined for it by its author There is no sound reason foi 


1 Bi ester Essm d une du SoU%l et des Modes Variables Delft 1889 

2 OotHngische mdriMen 1865 p 3 see also Dr Wilsing s comments m 
Ash ITadh No 2960 

® Die VeTa%deTl'ic7ie7i Sterne Koln 1888 
^ jProc Moyal Society vol xIit p 80 
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bsliGving stSjis like iMirs* to bo composod. of twin molBor 
SW 81 X 111 S blSiZin^ tlixou^li pGiidstr^l collisions Tlidt *fcli6ir 
limiinosity may be affected by the tide-iaismg power of 
imseen conipamons it would indeed be lash categorically to 
deny , yet there is no eyidence to support the opinion, 
while the periodicity of the objects in question is of so dis 
tuibed a kind as to laise almost insuperable obsticles against 
connecting it with movements necessarily punctual More 
over periodical cannot he sharply divided off from irregular 
variables Every degree of perturbation, up to the total, 
subversion of laws of change is met with among them Many 
stars seem at times disposed to conform to a period which 
they later ignore In others, method is indicated though too 
vaguely to be defined while the majority oscillate, with wide 
allowance of amplitude about a period itself often subject to 
periodical or secular change It is evident that the immediate 
and unmodified interaction of levolving masses cannot explain 
breaches of regularity widening out to its total destruction 
The time has scarcely yet come to formulate a general 
theory of stellar variability but we may at any rate try to 
render our ideas on the subject coherent, admitting provision 
ally those that are consistent with known facts rejecting 
summarily those that contiadict them It will then become 
possible to realise with some distinctness the conditions undei 
which alone any such theory could be regarded as adequate 
As long ago as 1852 M Eudolf Wolf adveited to the 
analogous character of the curves repiesenting sunspot 
frequency and stehax light change^ They are not only of 
the same general form but they are marked by precisely the 
same kmd of irregularities Both are steeper in ascent than 
in descent , both rise into peaks of unequal heights at unequal 
distances apart Mira Cygni K Hydxse and the rest have 
hke the sun retarded and accelerated high and low or abortive 
maxima The representation in Fig 9, from the Greenwich 
observations of the changes in sunspot frequency during the 
decennial period 1867-1877, is the very counterpart of the 
hght-curve of a variable star Especially characteristic is the 
break m the descending branch reflecting a paitial recovery 


1 MUtheilwngen Naturforsch Gesellschaft Bern 1852, p 261 
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m the dowawaid course towards mmuaum to which variable 
stars of different classes are prone and which may even as 
in E Normse assume the importance of a second co-ordinate 
mammum Moreover the flow of change in sun and stars 
gliVft IS broken and disturbed by the superposition upon the 
normal period of subordinate and superior cycles ranging fiom 
a few days perhaps to centuries 

The presumption then of then sinnlar origin is very 
strong nor are we wholly without evidence of a physical 
nature to the same effect The development of bright lines 
in the spectra of variable stars near then maxima is paralleled 



in the sun by the increase of emissive intensity in the corona 
as sunspots mcrease as well as by the attendant development 
of calcium floccuh shining by direct radiation Atmospheric 
incandescence is thus in both cases heightened although in 
immensely different degrees , and conflrmation is afforded to 
what was already certified by the congruous shapes of the 
two curves namely, that the maximum of spots in the sun 
corresponds with the maximum of hght in stars and vice 
'oersd It IS the more necessaiy to bear this in mind because 
obscurations by spots have sometimes been alleged as a cause 
of stellar variability That just the opposite is the truth has 
been further certified by a beautiful mathematical investiga 
tion set on foot by Professor Turner in 19041 Submittmg 

^ Monthly Notices toI Ixiv p 543 
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to the methods of haimonic analysis stellar light curves and 
the cur-ve representing solar cyclical activity he obtained 
results of emphatic import as to the identity (it might he 
said) of the constructive pnnciple at their base piovided that 
maxima of spots be regarded as the correlatives of maxima of 
brightness But the agreement vanished when the trial was 
made of inverting the relationship 

The conclusion that solar and stellar disturbances are alite 
in kind clears the ground for further investigation for 
besides obligmg us to reject causes for the lattei which 
are demonstiably unconcerned with the former it renders 
sunspot studies directly available for solving the problem of 
stellar variability Yow what do we leally know abont the 
production of sunspots « ETot much more than that they arise 
incidentally to the great circulatory process by which photo 
spheric radiations are maintamed They arise beyond question 
when it IS most active and tumultuous ISTor is there anythmg 
to show that the variation in then numbers depends upon an 
external cause It seems on the contiaiy to result from 
peeuhanties mherent to the solar constitution — from the in 
tricate movements proceeding within the vast globe and 
accommodatmg themselves somehow to those due to the 
swirl of its rotation — from iuctuating relations of heat and 
pressure — from the alternate accumulation and discharge 
of explosive forces perhaps of a molecular nature Similarly 
the secret of stellar light vicissitudes is held by the stars 
themselves although supermduced modifications may also, in 
some cases be recognised But that their periodicity is 
essentially self-regulated becomes manifest through the con- 
sideration that it IS materially influenced by colour Not 
only a very large proportion of red stars are variable but 
nearly ah variables of long period are red The length of 
the period too is very d^stmctly connected with the intensity 
of the colour This was first noticed in 1873 by Dr Schmidt 
of Athens,’- it was reaffirmed by Mr S C Chandler -who 
concluded after an elaborate study of all the facts, that the 
redness of variable stars is m general, a function of the lengths 
of them periods of hght variation The redder the tint the 
longer the period ^ And Mr Tendell has quite lately 
^ Astr N(tch Ko 1897 ® Astr Journ Nos 186 193 
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readied a similar conclusion ^ Many individual exceptions to 
tEe rule might be cited Ent it prevails in a large sense , and 
its prevaleace enfoiees the obrious tiuth that the explanation 
of redness in stars lies very close to the explanation of their 
variability in long peiiods 

^ A%ir Jomn Ko 564 
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VA-RIABLE STATS OF SHORT PERIOD 

We haye seen in the last chapter that stars yarymg their 
light in periods of less than thirty days stand apart m 
several important respects from those undergoing slowei 
changes The distinction is accentuated hy the tendency 
apparent in each class to group its memhers as fai as possible 
from the frontier line of separation Thus, most long periods 
exceed two hundred days while a large majority of short 
periods fall below eight The total number of stars so far 
found to be variable within a calendar month is eighty 
(besides a multitude of faint objects crowded together in 
clusters), of these seventy complete an oscillation in less 
than ten days while sixteen have periods measured by hours 
Tig 10 gives a graphical conspectus of these facts 

Yariables of short period are as we have said nearly all 
white or yellow stars showing spectra of the Sinan or solar 
type They fluctuate much less extensively and much more 
precisely than Mira variables In many rapid stars the light 
ebbs and flows like clockwork as to time and as to measure 
with deviations scarcely of the tenth of a magnitude from a 
settled standard These remarkable changes progress gradually 
and contmuously in Pickermg s fourth class of variables , m 
his fifth class they only interrupt although at perfectly regular 
intervals the usually steadfast shining of certain stars Of 
these two kinds the former is conspicuously exemplified in ^ 
Jjjrsd — B. star of which we have abeady made the acq^uaintance 
in connection with its gaseous spectrum — ^the latter in Algol 
Further distinctions however have to he made Class TV 
really comprises three separate families which may conveni 

116 



YARIABLE stars OE short period 117 

ently "be designated as Cepheid variables, Cluster variables, and 
Geminid variables Their several charaeteristics vie shall now 
biiefly indicate 

One peculiarity, full of meaning m itself and in its 
implications is common to them all They are, probably 
without exception close binary systems revolving m the 
period of light-change This was long ago suspected of stars 
undergoing hrief phases of obscuration , and the fact, as ® 

Algol was definitely ascertained by Dr Vogel in 1888 
thirty analogous objects are already known, and there is slight 
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Fia 10 — Distntiution of 80 Yanable Star Periods under 20^^ 


risk of error in describing them genencaUy as eclipsing stars 
Ear more surprising was the discovery that stars fluctuating 
on a manner inconsistent with the echpse hypothesis shared 
nevertheless, their compound nature Take, as an example 
g Oephei the light-curve of which is depicted in Eig 11 it 
is by no means symmetrical The ascending is much steeper 
t.han the descending branch and the latter is besides markedly 
inflected Now the great majority of sporadically occurring 
short period variables belong to the type thus illustrated In 
many it is true, the pause in the decline from maximum is feebly 
accentuated or imperceptible , but most gam brightness abont 
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twice as quickly as they pait with it and all accomplish their 
changes hy unmteriupted gradations They are continually 
on the more , they have no definite halting-places either at 
maximum or at nnnimuni This mode of variation is clearly 
irreconcilable with eclipse conditions and the anticipations of 
reason have been confirmed hy experience Yet the objects in 
question are in point of fact binary stars and their revolutions 
strictly control their light changes This is known from the 
synchronism of the two kinds of observed effect — of the 
spectroscopic alterations due to orbital movement and of the 
photometric periodicity The variable radial velocity of 
S Cephei was detected hy Belopolsky in 1894 , ^ and that of 
'q Aquilae a star similarly variable m the following year^ 
In both systems the companion-body is obscure , in both the 
occurrence of eclipses is precluded by the circumstances of 



movement Both stars give spectra of the solar type The 
further recognition as spectroscopically double of the Cepheid 
variables X W and Y Sagittani® of T Vulpeculae^ and 
S Sagittae adds weight to the accumulating evidence that 
the peculiarity may be generahsed There need be no hesita 
tion in afiSrnung that the pattern of variation set hy S Cephei 
is prescribed by the circling in an identical peiiod of a 
usually non luminous companion 

Cluster variables are met with hy the score m certain 
globular clusters and scarcely at all m the open sky Hence 
their current title Their discovery hy Professor Bailey m 

^ Astr Na&h liTo 3257 Astro^h Journ vol i p 160 Bull de L Acccd 
de St Pitershourg ISTot 1894 3 p 268 

^ Astropli Jmr% volb ti p 393 (Belopolsky) ix p 69 (WiigM) 

® Slipker Bulletin of the Lowell Observatory No 11 E H Curtiss L%ch 
Bull No 62 

^ rrost Astroyh Lowrn vol xx p 296 
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1895 lemarkably illustrated the perfection to which the 
photographic method has been brought To individuahse the 
minute thronging components of compressed clusters would 
until lately, have been regarded as a notable feat , to follow 
their variations of lustre through brief cycles of about twelve 
hours and to determme their special character might well 
have seemed impossible The camera alone is competent 
to undertake work at once so dehcate and so comprehensive 
With two or three of the most powerful telescopes m the 
world, these tmy light specks can indeed be observed to 
good purpose (as Professor Barnard has shown), but only 



I'M 12 — rypioal LmM Cuives of Cluster VanaUes 


one by one, and they demand wholesale treatment Some 

star globes contam shoals of variables, over 50 

far been registered besides upwards of a thousan 

Magellanic Clouds ^ The variations of stars in 

over are by no means vague or mdetermmate Th y 

executed with punctuality and precision 

generally of less than one day Three hght e™ ^wo 

typical and one individual are shown m igs ^ 

Ihey aie copied from Professor Baileys drawings 

of his elaborate discussion of the aU 

the great southern cluster a Centauri And t ey 

1 Picl ering Earvard 0%rmla>r Nos 82 96 100 
2 Harvard Annals vol xxxviii 1902 
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Fig 13 — Light Curve of No 45 Ome a Centaun 


such groups strangely uniform A swift rise to maximum^ 
and a prolonged halt at minimum are their leading traits 

Cluster variables are dis- 
tinguished from Oepheid 
variables partly by the 
suddenness of their up- 
springing but most essen- 
tially by the relatively 
protracted duration of their 
dim phases About half of 
each period is spent at a dead level of low light , then all at 
once tripled brightness supervenes to ebb away again by slower 
gradations 

Why stars thus smgularly affected should so stiongly tend 
to herd together none can at present attempt to divine , but 
the exceptions to the rule of aggregation claim particular 
attention if only for their rarity One of them is S Ar^, 
noticed as variable by Mr Innes m 1898^ The curve by 
which he delineated its course of change is copied on a reduced 



scale in Fig 14 Scarcely distinguishable from one of Bailey s 
typical tracings for the variables m co Centaun it shows a 
stationary mmimum lasting four hours then a more than two- 
fold mcrease of lustre within an hour and half, followed by a 
leisurely dechne in approximately five and a half by which 
the cycle of nearly eleven hours is completed Y Lyr^ is 
almost the alter ego of S Arae Mr Stanley Williams deter- 
mined Its penod to be 12^ 4^ the rise from 11 3 to 12 3 

^ C(t:pe An%als rol iz p 126 b Astr Journ Nos 491 92 (Roberts) 
Monthly Notices yoI Ixi p 163 
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magnitude being accomplislied in 30*^, and be has since 
associated witb it a star in Cygnus (designated UY Gygni ) 
following nearlj tbe same prescription of change ^ Madame 
Ceiaskis cluster variable also situated in Cygnus is bebeved 
to have the extraordinarily shoit period of 3^ 12°^ and an 
oscillation amphtude of approximately one magnitude Dis- 
covered photographically in 1904 it demands special and 
adroit study 

The third sub class of short period variables called 
Geminids from then exemplar f Geminorum alter in 
brightness by continuous and symmetrical gradations Their 
maxima are placed about midway between their minima All 
(we need not hesitate to say) are hinaiy systems but some at 
least aie exempt from eclipses The line however separating 
them from occulting variables is very feebly traced Whether 
or no eclipses occur has to be decided by a distinct investiga 
tion for each individual star and the process of decision 
advances slowly Only in one case a conclusive reply has 
been obtained and it is in the negative Belopolsky an 
Campbell independently in 1898 ^ recognised ^ Gennnorum 
as a spectroscopic pair revolving in the period of hg 
change (10^ 4^^) One component is invisible yet the 
observed minima are not due to its intervention, since their 
epochs are not those of conjunction Eclipses can naturally 
only take place when the two bodies concerned are in the 
same hue of sight , and the spectroscope intimates their being 
in the same line of sight by the reduction to zero of their 
radial velocity They must lu other words at time of 
occultation be moving across the hne of sight e 
fulfilment of this condition by ? Gemmorum exclu es i 
peremptorily from the number of eclipsing ^ariahles 
^ The light curve of IJ Vulpecul^e (see Fig 15) so closely 

imitates that of ? Geminorum that we ^ toerlv 

the stars being similarly circumstanced S Authae fo y 
taken for an Algol variable belongs to the same category 
its maxima the flow of change is so slack as to sugg 


1 MmtUy Notices vols Ixm p 804 Ixv p 586 
a Astr Nach Wo 3565 Astroph Jowm toIs ix p 8b 
41erandKempf Astr Nach Wo 3483 Luxzet 

Earwrd C%rcular No 41 


xiii p 90 
ihid No 3570 
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actual standstill while the minima are comparatively sharp, 
and the entire cycle is accomplished in 7^ 47“^ It has 
yielded so far no spectroscopic signs of duplicity 



Some Geminid stais are subject to what may be called a 
double periodicity They dip that is to say to a secondary 
mimmum placed half way between two equal maxima This 
mode of vanation is brilliantly illustrated in /3 Lyrse the 
saddle back curve of which is shown in Fig 1 6 Its fluctua 



Fig 16 — Light Curve of ^ Lyr-B (Argelander) 

tions detected by Goodricke in 1784 were completely tracked 
out by Argelander in 1844^ Their cause is nevertheless still 
involved m perplexity The star is known to be binary but 
the complex changes in its bright hne spectrum profoundly 
embarrass measurements of its velocity The evidence at 
hand does not preclude the hypothesis of disparate obscura- 
tions at the primary and secondary mimma respectively , it 
does not however enforce it and a solution to the enigma 
presented by this star will perhaps be most easily obtained by 
the indirect means of studymg it at second hand in analogous 
Objects of less complicated relationships 

De Stelld ^ LyrcR Disqu%s%tiG 
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One such is found in V Puppis the light curve of which 
as drawn bj Mr AW Roheits is shown m Pig 17 Hs 
similarity with that of /3 Lyr® does not need to be pointed 
out If the occurrence of a double eclipse can be proved m 
one case it may be presumed in the other A spectroscopic 
pronouncement on the point is awaited with much interest, 
and should not be difhcult to procure Already, m 1895 
Y Puppis was ascertained by Professor Pictermg to be a 
spectroscopic binary composed of two imequally bright stars 
nevertheless we are still ignorant as to whether their move 
ments satisfy the requirements of the oecultation-theory 
Meantime the photometric data collected by Mr Roberts have 
been shown by him to agree remarkably well with the light- 
variation resultmg from the mutual eclipses of two bodies 
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circulating m contact ^ Actually in contact they should be, 
perhaps even confiuent, but this mvolves no mechanical 
impossibility It would however, involve the consequence that 
the mpan density of the double globe of Y Puppis could not 
exceed ^ that of the sun Other analogues of R Lyrse are 
XT Pegasi, R Sagittae with a period of 7 0 and Y Yulpeculae 
accomphshmg its changes in 75 days ® That the spectroscope 
will eventually supply evidence of them binary character is 
scarcely doubtful but it does not foUow that all ox any of 
them are echpsing binaries 

We would now invite our readers attention to the nve 
light curves grouped together in Pig 18 They are copied 
from an instructive paper presented hy Mr A W Roberts of 


^ JSa/rva/r^ Ovrcula/i ISTo 14 
2 Astro^h JmrTi toI xui p 181 
3 Astr JSTach Ko 3929 (Stanley Williams) 
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Lovedale to tlie South. African Association for the Advance 
ment of Science at its first meeting in 1903 It embodies his 
principal conclusions regarding stellar eclipses and vividly 
illustrates both the variety of conditions under which they 
take place and the difficulty of pronouncing in certain cases 
for or against their genuine occurrence Thus the hght-curve 
of W Centauri (FTo 5, the lowest in the diagram) is that of a 
Geminid star The stationary maximum characteristic of 
Algol variables is absent Mr Eoherts nevertheless considers 
the star to be composed of two egg-shaped bodies rotating 
on a common axis in 14^^32“^ and sending ns more or less 
light according as we see them broadside or end on ^ The 
forms corresponding to the observed variations in brightness 



Fia 10 — System of R Oentauri (Roberts) 


are depicted in Fig 19 the dotted lines indicating Darwins 
figure of equilibrium for a liquid globe on the hrink of fission 
through accelerated lotation The close agreement between 
the forms arrived at from photometric and mechanical con 
siderations respectively is of strongly persuasive import 

Curve IJo 4 m our figure is of an intermediate type 
X Cannae verges towards the condition of unceasmg change 
visible m y3 Lyrae and S Anthae , yet brief mtervals of stable 
H>iTmng appear to interrupt the processes of dechne and 
recovery which Mr Eoherts expounds as the phases of a 
protracted double eclipse Two stars somewhat unequally 
brilliant are beheved to be concerned m them the mmima 
being slightly unequal The orbital period of 2 6 hours thus 
includes two light periods 

1 A$tr Jown Nos 378 384 Astroph Jown vol ’c p 312 Monthly 
]SfoUC6H YOl Ixill p 52"^ 
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The vaiiability of Velomm suspected by Kapteyn ’was 
established by lanes in 1901 and furthei defined by Roberts^ 
It bas a period of 20^^, and the light curve (Eig 18 
JTo 3) intimates the occnnence within that span of an 
abortive as well as of a sharply pronounced eclipse A 
bright and a dusky star are thus peiceived to be combined in 
this system Each time that they come into conjunction 
there is a noticeable diminution of their joint light, but the effect 
IS conspicuous only when the lustrous body passes behind its 
companion 

The curve of E Aide (No 2) includes no secondary 
drop This shows the occulting globe to be sensibly obscure 
Its concealment makes no difference in the sum total of 
light 

S Velorum is one of many variables detected during the 
construction of the Cape Photographic Durchmusterung Mr 
G Ray Woods first noted its fluctuations in 1894*’ and Mr 
Roberts ably investigated the nature of the system in which 
they arise ^ A large semi obscure star has it appears, a com- 
paratively small hut much brighter companion revolving in 
5^ 22^^ The ohscuxation represented hy the piofound 
gap in the curve (Eig 18, Ho 1) is due to the transit 
of the dim primary over its lucent satellite which it 
completely hides duiing a minimum lasting 6^ 35^ Por 
so long in short one star is to our vision substituted for 
another This ingenious theory however is hampered by the 
anomalous conseq[uence that the lustrous globe must, on its 
showing be twenty tunes denser than its obscure attendant 
Its final acceptance depends upon the veidict of the spectro- 
scope 

We have msensibly passed on from Geminid stars to the 
consideration of Algol variables These which form Pickering s 
Class V are of very pecnhar interest from the amount of pre- 
cise knowledge which they place at our disposal Their 
characters accordingly mvite close scrutiny and minute com- 
parison with theory Variability is in them hy short accesses, 
and consists always in a temporary loss of light They 
undergo in fact what are now known to be real eclipses at 

^ Aztr JotLr'TL 'Eo 508 ^ JVot^ces vol Iv p 211 

® Astr Journ IsTo S27 AsiropTi Journ toIs iy p 270 x p 314 



VAEIABLE STAES OF SHORT PERIOD 127 

stated interyals, while shining for the most part as steadily 
as ordinary stars Their detection is for this reason so difficult 
that, until the era of photographic discoyery began acquaint- 
ance with them -was casual and scanty Now howeYer about 
thirty figure m our catalogues, the designations of which are 
giYon in Table III of our Appendix , and the list excludes such 
dubious instances as S Antliae in which the occurrence of 
eclipses IS still sub jud%ce 

The eponym of the class is curiously exact in its changes, 
which have been long and accurately ohseived Then extra- 
ordinary character was determined, and an explanation of them 
by interpositions of a dark satellite suggested by Goodncke in 
1783, since when some 15,600 minima have occurred in a 
manner perfectly consistent with the hypothesis It became 
then of great interest to test its absolute truth and the first 
means of doing so were afforded by Professor Pickering s strict 
inquiry into the conditions of the supposed recurring eclipse ^ 
They proved to be all hut perfectly complied with Outside 
oi the twelve hours during which the Demon star parts 
with and regains two thirds of its light it displays the re 
quire d uniform lustre The oscillation is the same or very 
nearly the same, in duration and extent now that it was fifty 
years ago and that it probably will he fifty years hence The 
precision of its perfoimance seemed to correspond far better 
with the results of geometrical lule and measure than with 
those of the complex interaction of physical causes , and the 
spectroscope testified in the same sense by showing the sur 
viYing light at minimum to be of unchanged quality It is 
dimmed as if in large measure cut off hut betrays no symptom 
of intrinsic modification These singular correspondences have 
not proved deceptive The postulated eclipses actually take 
place 

The manner in which their genuineness has been estab 
lished illustrates the singular versatility of modern methods 
of research No problem in which distant light sources 
ire concerned seems hopelessly beyond their grasp The 
received explanation of Algols changes evidently involved 
the mutual revolution in a period identical with theirs of the 
eclipsed and eclipsing bodies And since their orbits to admit 
^ Avner Acad yoI yiu (1 81) p 17 Observatory rol it p 116 
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of a transit of the satellite over the primary should lie almost 
edgewise to oni sight practically the whole of their Telocity 
should in the couise of each revolution he directed alternately 
straight away from and straight towards the earth Here 
accordingly spectioscopic measuies, recommended hy Professor 
Pickeiing^ were clearly applicable , and their photogiaphic 
execution by Professoi Vogel in 1888-89 ^ eventuated m one 
of the most remarkable verifications of theory on record 

Before each minimum Algol was found to be moTing 
away from the sun (independently of a continuous translation 
towards him of 2-^ mil es a second) at the rate of 2 6 ^ English 
miles per second , after each minimum to be approaching 
with an equal speed , while at intermediate times the im 
printed lines hy resuming then normal positions in the 
spectrum proved the star to he then moving peipendicularly 
to the Yisiial ray Multiplying this velocity (of 26^ miles) by 
the number of seconds in Algols period (24^7735) we get an 
orhital circumfeience corresponding to a diameter of (m round 
numbers) two milli on miles Moreover since the pioporbionate 
dimensions of the blight and daik bodies are shown by the 
amount of obscuration of one by the other to be very nearly 
as 100 to 83 their relative masses would also be known if 
we could be sure that they aie of the same mean density 
The assumption as regards a mass shining with great hnlliancy 
and one almost totally dark is certainly a hazardous one hut 
it receives some warrant from the example of the sun and 
Jupiter Py its aid Piofessor Yogel arrived at the following 
provisional data for the system of Algol — 


Piameter of Algol 
5 , satellite 

Pistanee from centre to centie 
Orbital yeloeity of Algol 
,j satellite 

Hass of Algol 
,5 satellite 


1,061,000 English miles 
834 300 „ 

3 230 000 „ 

26 3 miles per sec 
55 4 

^ solar mass 

3 ? 


In the accompanying diagram 0 marks the centre of 
gravity round which both stars revolve with velocities in- 
versely proportional to their masses Thus Algol travels in 


^ Froc Airier Acad vol viii p 34 
Astr NclcJi Ho 2947 
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an oibit of only half the compass of that of its companion 
because possessed of twice its attractive force It is easy to 
see too that the duration of the eclipse compared with the 
length of the period gives the relation between the diameter of 
the occulted body and the diameter of the orbit of the occulting 
body so that the absolute dimensions of one becoming known 
those of the other follow 

The density alike of Algol and of its satelhte must be less 
than a q[uarter that of the sun or 0 38 that of water They 
are both then presumably gaseous Some slight dissymmetry 
in the phase curve formerly pei- 
ceived or imagined and set down 
hy Dr Wilsing ^ to the account of 
elhpticity in the path pursued 
has not of late been veiified ^ 

Although the interval between 
Algol s successive eclipses shortened 
by eight seconds between 1790 and 
1880 when the process became 
reversed it does not follow that 
the stars orbital period is subject 
to alteration Di Chandler holds kg so -ai oi during an KcUpse 
the inequality to be merely apparent 

— to represent the time occupied by hght in crossing a wide 
ellipse described by the occulting pair round a supposed dark 
primary ^ The visibility of the phases would if that were so 
be alternately accelerated and delayed accordmg as the body 
undergoing them was on the hither or the farther side of its 
great orbit Nor is it impossible that Chandler s theory may 
ultimately he directly verified by the micrometrical measure- 
ment of undulations in the proper movement of Algol ^ 
corresponding to its suggested spacious circmtmgs in a period 
of about 118 years M Tisserand on the other hand rejecting 
the idea of a triple system, explamed the deviations of the 
eclipses from their normal epochs by a progression of the 
line of apsides due to the presumed spheroidal shape of the 

^ A^tr Ndch "Bo 2960 

2 Gr Huller Ib%d No 3732 H 0 Togel V J S Astr Ges Bd xxxvi 
P 1^0 

* Asti fourrh Nos 255 56 609 ^ Boss 'hbzd No 343 
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contiguous globes’- This would necessarily bring about a 
cyclical fluctuation m the eclipse period Yet here, too, 
confirmation is still lacking, the implied eccentricity of the 
star s orbit not being spectroscopically apparent 

It needs no argument to prove that the eclipse theory of 
the variable m the head of Medusa must apply to all other 
members of the same sharply characterised class Many of 
them however present anomalies which are the more de 
serving of careful study that they may one day throw an 
important light on the circumstances under which combma 
tions of the indicated kind exist 

The light change of S Cancii was discovered by Mi Hind 
in 1848 and its peculiar nature ascertained by Argelander in 
1852^ The star remains steady during thirteen fourteenths 
of its period, then declines, in eight hours and a half to less 
than one quarter of its usual brightness which it regains in 
the course of thirteen hours more The process of recovery 
besides being abnormally slow is interrupted soon after it has 
begun hy a marked pause® represented graphically from 
Schonfelds observations in Fig 21 The compass of this 
stars change appears to be by no means invariable On Apiil 
14 1882, Schmidt observed at Athens a minimum nearly two 
magnitudes fainter than any he had seen before During one 
hour the star remained sunken nearly to the t'welfth magnitude ^ 
The period of S Cancn is subject to a pertuibation with a 
range of about forty minutes and embracing rather more than 
three hundred minima ^ 

Inequalities of this kind which in Algol sum up to a few 
seconds m a century and glow to many minutes in S Canon, 
are m X Tauri counted by hours® Their method and cause 
have still to be unravelled The companion of X Tauri is 
not, hke that of Algol entirely obscure M Belopolsky 
spectrographically resolved the vanahle in 18 9 into an 
unequaUy bright pan, revolvmg in 3^ 23’\ the period of light- 

^ GompUs UeTidus t cx-z p 125 
2 Astr Mach Nos 796 801 806 
® V%erUl:jahrssc7ir%ft Astr Ges Bd ix p 230 
^ Astr Mach Fo 2491 

» Argelander Bm%er JBeol Bd viii p 397 Soionfeld Sinus Bd x p 68 
® Selonfeld JahreslenSit Mannheun Bd il p 76 
Astr Mach No 3474 
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change A secondary minimum, detected by M Plassmann m 
1890^ corresponds to the occultation of Bdlopolskys faint 
component as the chief minimum does to that of its primary 
The disparate coupled eclipses of E® Yelorum (Fig 18 No 3) 
are thus repeated by X Tauri 

The Yariations of XT Cephei first recognised by M Oeraski 
at Moscow June 23 1880 are unusually rapid and extensive 
In four and a half hours the star is reduced to about one- 
ninth its ordinary lustre, losing light at one stage of its 
decline, at the astonishing rate of more than one magnitude 
an hour ’ The obscurity lasts an hour and a half, but not 



with entire uniformity^ The lowest pomt is touched at 
first,® and a pause in the ascent like that inflecting the hght- 
curve of S Cancri (see Fig 21) is indicated Mr Yendell 
on the other hand pronounces the light curve to be sym- 
metrical and regards the minima as annular echpses of two 
hours duration ^ Some comphcated irregularities in the period 
of XT Cephei have been ascertamed by Dr Chandler and M 
Plassmann observed the minimum of April 21 1902 to occur 
2’' 27“ later than the calculated tune® 

The period of Y Cygni added to the hst of Algol variables 


1 riassmann D^e voranderlichen Sterne p 42 Journ Bnt Astr -f*® ^ 
pp 137 255 ^ Bohlin Astr NacTi No 3762 


Chandler Astr Jomn No 199 p 53 


^ Astr Journ No 551 
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132 


THE SYSTEM OT THE STAES 


■by Dr Chandler December 9 1886 averages about a day 
and a half ^ hut fluctuates to an extent unpaialleled in this 
kind of stai The retardation oi its phases between 1887 
and 1888 amounted to seven honrs totally disconcerting pre 
diction and the period soon afterwards set about shortening 
as rapidly as it had lengthened before^ The actual change 
does not exceed half a second at each of the returns but these 
are so numerous that the accumulating errors sum up m a 
shoit time to a startling aggregate They have been success 
fully rationalised by M Dundr ^ on the principle applied by 
Tisserand to the irregularities of Algol The phases of T 
Cygni however are duplicated the conjoined stars being twins 
in size and splendour Hence they take it in turn to be 
echpsed and revolve in twice the mean interval between their 
conjunctions Their orbit has an eccentiicity of 0 145 , its 
major axis completes a gyration in forty one years 3 and its 
varying position with regard to the line of sight determines 
the amount by which any individual eclipse falls behind or 
anticipates its due epoch The system of Z Herculis, although 
composed of dissimilar stars exhibits analogous symptoms of 
perturbation to those presented by Y Oygni^ 

Stellar echpses it need hardly be said are purely relative 
phenomena Their occurrence depends upon the situation of 
the observer But the chance of their being visible from a 
distant point augments very greatly with the closeness of the 
revolving stars , for which reason, and also because the phases 
recur more frequently when the orhit is narrow, Algol 
variables with periods exceeding four or five days are of 
extreme rarity Until 1902 S Cancri was the only such 
mstance known In that year however Mrs Fleming dis 
covered in TJZ Cygni a star with an eclipse interval of 31 3 
days ^ or more than thrice as long as that of S Cancn Each 
of its mmima lasts two days and the loss of light amounts 
to two magnitudes Secondary obscurations symmetrically 
dividing the period have lately been detected by Hartwig^ 

^ Chandler Azt'i JTourn NTos 163 186 Ibid Na 204 

® Astr JSTacJi 3467 Asfro^h lowrn yol xi p 176 Knowledge vols 
XT p 87 XVI p 166 

^ I)Tin4r Astr Journ IS^os 374 384 422 Astrojoh Journ yol i p 285 
Yendell Astr Jonrn ITos 328 366 

® Earmrd Cwc'iilar Kc 65 6 394^4 
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and occasion some perplexity by their apparent recalcitrance 
to the h) pothesis of a double eclipse Their observer in fact 
discards that hypothesis and suggests instead the view that 
JJZ Cygni is a 'pear shaped body or apioid rotating in 
what was taken for the period of its systemic circulation 
Eclipsing stars are lemarkably tenuous bodies The com 
parison of the duration of their transits with the periods of 
their revolution supplies means for deducing a hmiting value 
for their densities ^ and it was fixed by Mr H N Eussell m 
1899, from an average of seventeen stars at one fourth that 
oi the sun Mr A W Eoberts, working independently on 
the same lines, found the mean consistency of four southern 
Algol pairs to be about one eighth the solar ^ The range 
of variety in this respect among such stars is evidently very 
considerable , but all appear to be less compact than our sun 
The circumstance is also noteworthy that eclipsmg stars agree 


111 showing a Sirian or a helium spectium ISTo exception to 
the rule at least has yet come to our notice The solar type 
on the othei hand piedommates among ordinary short-period 
variables Variable stars of all classes are probably at 
enormous distances- — even on the celestial scale — from the 
c irth There is no sign that any of them are mcluded among 
the stars in our comparative vicinity One of the best means 
of forming a rough judgment on this point is by the amount 
of apparent motion , and variables remain in general nearly 
fixed in the sky Mira perhaps the most mobile shifts its 
position indeed to the not wholly inconsiderable extent of 
twenty five seconds of arc in a century, but measures for 
pnallax would be much embarrassed by its changes of magm- 
tude and have not yet been attempted Dr Chases deter 
mination of a distance for Algol ^ about ten times that of 
Sinus is the only piece of direct information yet obtained as 


to the remoteness of variable stars 

Their distribution over the sphere presents some noticeable 
peculiarities Contrary to what might have been 
short period variables although on the whole much brigh er 
obiects than those of long period tend much more decidedly 
to concentration in the Milky Way while the preference for 


1 Ma^weU Hall OlserwUory vol ix p 224 
^ , 01 K 3 7hoj7 -n SOS ^ Astf JoUTTh ivO olo 

2 Astro^h Journ vol x p 315 J-O'icb p ooo 
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its plane belongs chiefly to faint stars among those not vari- 
able In Algol stars it is less strong th m in periodical stars 
of Pickerings fourth class These lie for the most part 
along a great circle nearly hut not quite coincident with the 
medial hne of the galaxy ^ It is remarkable that their con- 
densation level (as is shown hy its being projected into a great 
circle) passes through the sun Within the zone itself theie 
IS an evident disposition towards clustering Where the 
Milky Way divides in Cygnus the variables follow its southern 
branch and they are thickly sown ovei the whole sky-region 
from Lyra to Sagittarius ^ Indications abound that the con- 
ditions of variability and even of particulai kinds of vari- 
ability aie localised in space Thus in Sagittarius no less 
than four stars fluctuate in periods of six to seven days, and 
many others are subject to slower or undetermined vicissitudes 
Two adjacent stars in the Southern Triangle vary in unusually 
short periods A small region neai rj Carince includes six 
stars changeable in brightness^ Dr Max Wolf has lately 
published^ a list of thirty -six variables grouped round 
S Aquilne The Oiion nebula and the Magellanic Clouds are 
veritable nests of fluctuating light-points The new star 
which appeared in Scorpio in 1860 maiked the centre of a 
group of nine or tea objects all widely variable irregularly or 
m long periods Five stars of % similar nature including two 
viitually extinct Novae are collected in a small section of 
Ophiuchus and in general the sites of temporary stellar 
apparitions are more or less closely dotted round with variables 
There is reason to suppose that the circumstances favouring 
instability of light do not exist anywhere in the neighboui- 
hood of the sun 

^ The northern pole of this circle according, to Pickering, is situated m 
R A 13h Dec +-20 That of the Milky Way is in R A 12li 40m Dec +-28 

^ Chandler Ast? Jourii 193 Plassmann D^em^md&rl%cJle]ll Stmne p 85 

3 Goie, Khowhdge vol xiv p 19d ^ Astr JS^acli No 4005 



CHAPTER X 

THE COLOTJES OT TEE STAES 

The stars differ obviously in colour Three or four among 
the brightest strike the eye by their ardent glow others are 
tinged with yellow and the white light of several has a 
bluish gleam like that of polished steel Reddish tints are 
how'ever in the few cases in which they affect lucid stars 
the most noticeable and were the only ones remarked by the 
ancients 

Ptolemy designates as fiery red (yiroKuppoC) the following 
SIX stars Aldebaran Arcturus Betelgeux Antares Pollux 
^xxi. — m%rab%le S/idM — Sirms^ all the rest being indis- 
ciiminately classed as yellow (^^dvOoC) How Pollux at 
present; tboagh by no means red, is at least yellowish but 
Sinus IS undeniably white with a cast of blue A marked 
change in its colour since the Alexandrian epoch thus appeals 
all but certain the more so that Seneca makes express mention of 
the dog star as being ‘ reddei than Mars * ^ Horace has rubra 
Canicula as typical of the heat of summer/ and Cicero, in 
his translation of Aratus speaks of its " ruddy light Sig 
nificant too, in the same sense was the custom described by 
the grammarian Festus of sacrificing red dogs at the feast of 
the Floxalia for the purpose of placating in the interests of 
the approaching harvest the formidable and mimical dog star 
The whole subject has been learnedly discussed by Dr See/ 
who may be said to have faiily established his contention 
that the present white lustre of Sinus does not date back 
more than a thousand or 1200 years In the tenth century 

Qucest Wat I 1 ^ n 5 39 

^ Astr and Ast 7 o^Jiijstcs vol xx p 269 etc 
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the star was assuredly no longer red A1 SUfi, a genuine 
obseryer pointedly omits it from the list of those exceptionally 
coloured, while adding to it Cor Hydrae and AlgoP — Algol 
now a silvery orb if there be one in the sky , yet it is woitli 
recording that Schmidt noticed the Perseus variable as yellowish 
red m 1841 although he never in later years saw it otherwise 
than white ^ 

The same observer was amazed, March 21, 1852 to per 
ceive Arcturus without a trace of the strong colour familiar 
to him in it during eleven previous years In comparison 
with its paleness Capella seemed bright yellow. Mars and 
Betelgeux glowed almost like fire ^ It was some years before 
the star resumed its original hue^, and the reality of the 
change, admitted by Argelander was certified by the observa- 
tions of Kaiser at Leyden ^ 

The periodical variations in colour of a XJrsoe Majoris 
the Pointer next the pole announced by Klein in 1867,® 
were long disbelieved in Nevertheless a series of observa 
tions with ZollneEs polarising colorimeter executed in 1881 
by M Kovesligethy of the 0 Gyalla observatory in Hungary, 
gave evidence of alternating fluctuations between red and 
yellow m a period of 54^ days and essentially confirmatory 
results have recently been obtained by MM Lau and 
Wirtz 

The colours of the stars visible to the naked eye are faint 
and pale compared with those disclosed by the telescope 
The real gems of the sky are found low down in the scale 
of brightness To some extent this is only what might 
be expected Intense tmts result fiom strong selective 
absorption m the atmospheres of the stars they distinguish 
and strong absorption implies large loss of light Stars shine 
with the rays that have survived transmission through the 
glowmg vapours in their neighbourhood and the more 
nearly those rays are limited to one particular part of the 

^ SclijeUerup Descr%j^t%on des itoiles F'lxes p 25 
^ Astr Nach 1099 
^ Ib%d No 999 

^ De Sterrenkemel mrJclaart Pt i p 597 
® Astr Nach Nos 1663 2111 
® SiriViS Bd XIV p 258 
^ Jahrhuch der Astronomie Bd xiv p 12o 
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spectrum, the purer and clearer the resulting tint will be 
A true prismatic hue could accordingly be produced only 
through a vast reduction of brightness, but true prismatic 
hues do not exist among the stars, ^ the colours of which 
are always more or less copiously diluted with white light 
The science of star colours has hitherto made little 
progress Attempts to set up a standard chromatic scale 
have not been successful^ and instrumental devices foi ensur 
ing just and equable judgments may sometimes mduce laiger 
errors than they avert ^ Simple visual estimations, on the 
other hand must he treated with great reserve since personal 
equation ’ m this matter often assumes enoimous proportions 
The extreme of colour blindness is reached by comparatively 
few, but endless minor individuahties of perception vitiate the 
greater part of an accumulated mass of evidence which might 
otherwise justify inferences of real change From the com- 
plex bundle of rays forming the image of a star, each retina 
picks out and accentuates those to which it is most highly 
sensitive precluding the possibility of agreement as to delicate 
tints between many different observers With both the 
Herschels for instance the equilibrium of colour was shifted 
towards the red end of the spectrum Struves assistant, 
Knorre saw all stars indiscriminately white , Admiral Smyth 
on the contrary discriminated between shades of colour alto- 
gether inappreciable to most of those who have profited by 
his ' Cycle of Celestial Objects 

Even of the same observer the impressions do not always 
agree Fatigue and advancing years modifiy the colour- 
sense, and M Safarik stated that stars invariably appeared 
redder to his left than to his right eye ^ Atmospheric condi- 
tions too, are powerfully operative Misty air blots out faint 
tints and alters strong ones azure visibly turnmg green 
through its influence Height above the horizon is another 
circumstance to be taken into account before any useful com- 
parisons can be made while instrumental causes tend further 


^ Struve Mmsnrou M%cTom&tr%m p Ixxxvi 

^ See the system proposed hy Pianks Monthly NoUces vol xlvii p 269 
See the results given hy Koveshgethy Ueher eino neue Methode der 
FarlefibesHmmung der Sterne Halle 1887 

^ Vurteljdhrsschrift Astr Gfes Jahrg xiv p 378 



138 


THE SYSTEM OT THE STABS 


to perplex then upshot Large apertures help of themselves 
to hnng out colour^ especially lu small stars but the colour- 
correction of great refractors is always imperfect and the 
outstanding blue fringe usually conspicuous in them must by 
contrast give a reddish cast to the mage ^ Eefiectors produce 
a similar effect through absorption of many of the higher rays 
by the silvered glass or speculum-metal forming their minors 
And since with high magnification all hues merge or tend to 
merge into yellow only mediiim poweis should he used in 
colour observations 

In this department then discrepant statements by no 
means necessarily imply actual variation The former abound, 
instances of the lattei are met with but can only be admitted 
with extreme caution 

The study of star colours divides naturally into two 
branches — one concerned with isolated, the other with com 
pound objects Inquiries in the first case are simplified by 
the curious and unexplained fact that single stars are never 
markedly tinged except with red or yellow Vega makes the 
nearest approach in the northern hemisphere to an independ 
ently blue star , 7 Toucanse a Endani and e Pavoms are 
the pale sapphires of the southern sky But they aie very 
pale indeed — so pale as to produce no definite impression of 
colour upon ordinary eyes Hor is the emerald tinge of 
Lihrse much more decided "We have accordingly to deal 
just at present only with led stars ' 

The earliest list of thirty three of them was drawn up by 
Lalande in 1805^ Ces etoiles ’ von Zach remarked in re 
publishing it in 1822 annoncent toujours quelque chose de 
particuher , or toute particularity m^rite d etre observye ^ ^ 
We have to a great extent gat rid of the notion which pie 
sented itself to John Michell in 1*767® that what they 
announce’ is the impending extinction of their own fires, 
hut their pecuharities have become on that very account, all 
the more worthy of attention Red stars aie commonly 
variable both in light and colour , the display of colonnaded 

^ StruTe lUm Microm p Ixxxyi Mi Xranks keld tie opposite opinion 
^ Welb St'udUnt rol v p 487 
® OoTiTioissocnce des Terns pour lau 1806 

4 Oorresp Mtr t vii p 296 5 p 238 
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and zoned spectra belongs exclusively to them , and they are 
frequently characterised by atmospheric incandescence as well 
as by atmospheric instability Few of them can be watched 
long and attentively without being caught m some singular 
phase of change 

Their systematic study began with the publication in 
1866 of Schjellerups Catalogue of 280 red stars ten 
years later Mr Birmingham of Tuam completed a similar 
work comprising 658 entires^ and Mi Chambers laid before 
the Eoyal Astronomical Society, April 6 1887 a catalogue 
founded on his personal observations duiing seventeen years ^ 
Of 711 nominally red stars in both hemispheres he had 
examined 689 being virtually all those visible in England 
with the result of finding the colour of most exaggerated 
Orange was to his eye the tint prevailing among them , tiue 
^ reds were scarce , of stars meriting to be qualified as 
carmine or luby ’ he had not met above a dozen 

More recent works of the kmd have their value enhanced 
by spectroscopic indications Such were added in 1888 to 
Mr Espin s edition of Birmingham s Eed Stars augmented to 
the number of 1472 and to Krugeis Catalog der Farh%gen 
Sterne (Kiel 1893) which includes 2153 more or less deeply 
tinted objects 

None present saturated colours The perfect crimson of a 
solar prominence cannot be matched among the stars Their 
hues result from atmospheric action and stellar atmospheres 
are only partially eflective in sifting the prismatic rays Eed 
stars are none the less striking telescopic objects Their light 
even in the less distinguished specimens has a lurid glow 
which at once marks them out from ordinary stars and those 
of deeper tints shine with an ardour recalling the wrathful 
intensity of a stormy sunset The contrast between a red and 
a white star in the same field of view is sometimes most 
vivid and beautiful Thus in the southern constellation 
Grus TT^ and tt^ show like httle burnished discs of copper and 
silver respectively, seen under strong illumination 

1 Astr Nach No 1591 reprinted with numerous additions m Vierteljdhrs 
schrift Astr Ges Jahrg ix p 252 

Memoirs E Eish Acad vol xxvi p 249 
® Monthly Notices vol xlv"!! p 348 
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Among conspicuous stars, Antares in the heart of the 
Scorpion is the ruddiest Betelgeu^ comes next , while Aide 
haran and Arcturus have figured immemoiially in the short 
list of visible fiery objects to which A1 Sufi (as already men 
tioned) added a Hydrse and Father Noel 7 Crucis But their 
colours are mere pale shades compared with those instru 
mentally brought into notice " Hind s crimson star other 
wise known as B Leporis appeared to its discoverer in 
1845 like a drop of blood on a black field” As with most 
other variables however increase of light brings with it a 
paling of colour Neai maximum, intense redness gives place, 
partly through a well-known physiological effect,^ to a coppery 
hue Its spectrum is of the fourth type with particulaily strong 
absorption of the blue rays a very small proportion of which 
penetrate its dense veil of carbonaceous vapours 

A similar object now known as V Hydrae is No 16 of 
Lalandes No 136 of Schjellerups Bed Stars, and was re 
corded by Dr Copeland at Dunsink, March 22 1876 as 
brown red and of 7 2 magnitude ^ But three years later, 
Dr Dreyer found it risen to the sixth magnitude, and of a 
most magnificent copper red ^ while Birmingham observed it 
in 1874 as of the eighth, Dun4r in 1884 as faded to 9 5 
magnitude Its fluctuations of light are comprised in a 
nominal period of 5 7 5 days 

Close to one of the gems of the Southern Cross, an eighth 
magnitude star was described by Sir John Herschel to be of ^ the 
fullest and deepest maroon led, the most intense blood red of 
any star I have seen It is like a drop of blood when con 
trasted with the whiteness of /3 Crucis ^ Among other 
southern stars remarkable for colour are B Sculptoris no 
less intensely scarlet now than when Gould saw it at Cor 
doba, E Doradus glowing like a live coal out of the darkness 
of space and L 2 Puppis all of them noted variables 

In the northern hemisphere V Cygni bears the palm for 
depth of tint especially as its light diminishes , and not far 
inferior to it are B Cassiopeise E Leonis B Crateris and 
Mira with TJ Cygni and U Cassiopeiae both splendidly set off 


^ Osthoff Astr JSfach No 3940 
^ DunsinJc Observatwns vol iv p 65 
® Cape Obser cations p 448 
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by the vicinity of blue attendants Crimson indeed verges 
in these and other peiiodical stars, more and more towards 
orange in their brightening phases, yet they remam pretty 
constantly ‘ red A few cases of complete if tempoiary 
change of colour have however been recorded Thus a 
seventh magnitude star m the Lynx (90 Schjellerup) noted 
by Struve as ‘ rubra by Secchi as bella gialla, seemed to 
Birmingham, January 13 1874 blue or bluish white, a con 
firmatory and nearly contemporaneous observation being made 
at Greenwich^ A star of S-l- magnitude (148 Schjellerup) 
caEed ‘ scarlet by Lord Eosse in 1861 dark red” by 
d’ Arrest December 8 1866 showed 'no colour’ to Birming 
bam^ May 8 1874 Dun4r found it nevertheless of a deep 
orange led in 1884, and it is characterised by a fine colon 
naded spectrum Again Schjellerup was struck with the 
redness of a star m Aquila^ in 1863 which after an interval 
of ten years struck Birmingham as actually Hue , and 
similarly a bluish white object occupied the place Hovembei 
14 1850 of a star in Taurus (Schjellerup 64 5) marked 
“ very red by Hind September 3 1848 ® which Dreyer per 
ceived as once more red in January 1879 but Espin as white 
with a continuous spectrum January 10 1888 One further 
instance may be mentioned A fifth magnitude star in Argo, 
known as r Velorum^ was notoriously red during Goulds stay 
at Cordoba But it seemed leaden white to the present 
writer in the autumn of 1888 and was observed by Mr 
Tebbutt in March 1891 as barely tinged with red though the 
tinge became more decided on substituting an 8 inch for a 
4^ inch equatoreal The spectrum of r Velorum closely 
resembles that of Aldebaian 

The changes of colour visible in temporary stars have 
generally been in an opposite direction to those of ordinary 
variables Their sanguine tints faded instead of deepemng 
with the declme of their light Thus Tycho s star though 
it passed through an intermediate stage of redness was of a 
leaden white when it disappeared T Coronse ran nearly the 

^ Memoirs B Irish Acad vol xxyi p 269 

2 Ko 6803 of the Go'^mhagm, Catalogue No 214 of SchjeUeru^p s Bed 
Stars 

3 Monthly Notices vol xi p 46 

4 The place of the star for 1900 is R A 10^ 18^ 1 D 41 9 
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same course Hova Ophmchi (1848) aad ETova Andiomed^ 
were ruddy at first colouiless later Hova Cygni from orange 
turned filuisli Tlie colour changes of Hovd Persei were not 
the least curious part of its history Purely white at its 
outburst February 22 1901 it rapidly flushed to a deep red 
which lightened to orange during the spasms of intermittent 
brightening observed in Maich and April The steady decline 
of the star was nevertheless accompanied by a progressive loss 
of colour, until on February 5 1902 it showed to Professor 
Barnard greenish white like Neptune ^ Its nebular spectrum 
was by that time fully developed , but its antecedent redness 
was unaccounted foi by any marked absorption in the blue or 
green Nova Geminorum similarly glowed vividly at first 
but blanched with the waning of its sudden access of light 
In its case however the predommance of red hydrogen in its 
emissions explained the initial ruddiness of its hue Professor 
Barnard^ was able by suitably drawing out the eyepiece of 
the Yerkes 40 inch refractor to form on the C line a crimson 
image of the star as purely tinted as a solar prominence 
This IS the only ascertained instance of the production of 
stellar colour by direct radiation instead of by complementary 
absorption 

Eed stars are very unequally scattered Certain wide 
tracts of the sky are nearly destitute of them , in some they 
occur profusely The Milky Way between Aquila, Lyia, and 
Oygnus was called by Birmingham the Bed Eegion ' , ® yet 
other galactic constellations such as Pei sens and Cassiopeia 
might be said on a prehminary survey to consist of white 
stars ^ 

Evidently however real partialities of colour-distribution 
must be to a great extent masked by the projection to the 
eye of objects at indefinite distances from each other upon 
the same portion of the sphere Plence extensive local 
collections of similar stars may be so confused with overlying 
and underlying aggregations as to be completely unrccognis 
able Smaller groupings are more leadily detected It is by 

^ Monthly Nohces yoI Ixii p 4:18 

Astroph Journ vol xyii pp 302 376 

3 Memoirs B. Irish Acad vol xxvi p 256 

Franks Monthly Motioes vol xlvi p 43 see also Ostlioff Wochensehr ift 
far Astr Bd xix (1876) p 326 
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no accident that in the immediate neighbourhood of one red 
star others are so apt to be met with ^ and the ^ brick red 
and ruby pans included in Herschels Cape list, may with 
confidence be assumed to be severally in some sort of physical 
connection Bed stars it was remarked by the same authority 
are conspicuous in many clusters both by brightness and 
situation , and Father Secchi was struck with the ciitical 
positions of such objects as regards spiral or radiated stellar 
arrangements in the Milky Way ^ 

The principle of colour by association barely indicated in 
clusters is in double stars earned out to the highest perfec 
tion Nature is inexhaustible in her display among them of 
harmonies contrasts and delicate gradations of hue They 
not only vividly sparkle in green and gold, azure and crimson 
but shine in the sober radiance of fawn and olive hlac deep 
purple, and ashen grey Chalcedony aquamarine chrysolite 
agate and onyx have counterparts m the heavens as well as 
rubies and emeralds sards sapphires and topazes 

Manotte of Dijon a physicist but no astronomer was the 
fiist to speak of llm stais Les 4toiles qui paraissent 
bleues, he wrote in 1681 ont une lumiere faible, mais 
pure et sans melange d exhalaisons ^ But he gave no 
examples and it is not easy to divine what class of objects he 
alluded to The chromatic observation of double stars was 
leally begun by Father Christian Mayer at Mannheim in 
1776, although the interest of his preliminary efforts was 
absorbed in the splendour of Herschels similar but vastly 
more extensive and assured results He not only discovered a 
great number of exqmsitely tinted couples but by his success 
emphasised the importance of systematic attention to colour m 
double stars 

His example was followed by F Gr W Struve who in 
1837 classified from this point of view 59 6 of the brightest 
known stellar pairs The upshot was to prove agreement in 
coloui the lule contrast the exception^ Just half or 295 of 
the objects examined weie uniformly white , 118 had both 
components yellow or reddish with slight differences of 

^ AtU de% Nmm L%nc&% t vii p 72 
Oeuvres tip 287 

3 MoiUs Doubles pp 33 34 , Mensurce Mhcrom p Ixxxii 
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intensity , sixty three were tinctured with blue The 
instances of gennme contrast numheied 120 and in all of 
these the small star was called bine The rule is inoreoYei 
without exception that no primary member of a dissimilarly 
tinted pair is blue 

The reality of chromatic contrasts in double stars was 
established by the persistence of colour in satellites during the 
obliteration of their primaries by an interposed wire oi bai , 
and besides as Struve remarhed optically produced hues 
should he invariably complenaentaiy which is far from being 
the ease m stars A curious proof of this independeuce was 
afifoided by a double occultation of Antares and its companion 
observed hy Dawes m 1856 The small star emeiging fiist 
from behind the moon seemed as perfectly green viewed thus 
alone as when half lost in the glare of the great led star it 
IS attached to^ The same phenomenon was reobserved in 
1878 


The connection between ineq[iLality of brightness and un 
liheness of tint in coupled stars did not escape Stiuve s notice*^ 
He found a mean difference of less than half a magnitude 
between the exactly similar members of 375 pairs of over 
one magnitude for 101 stars showing varied shades of the 
same colour and of nearly two magnitudes in 120 cases 
of contrasted tints Professor Holden taking account of 
physical pairs only, reached m 1880 an analogous result'* 
"Where there was identity of colour the average difference of 
lustre proved to be only half a magnitude, where theie was 
diversity the lummous ineq^uality mounted to two and a half 
magnitudes One hundred and twenty two of the stars con 
sidered belonged to the first class forty to the second How 
markedly unequal are generally wide pairs ^ so that disparity 
of hue IS seen to prevail in systems formed by a large star and 
a comparatively small and remote companion, while genuine 
twin suns of not very different radiative power, and of 
similar radiative qnality circulate as a rule rapidly and closely 


3:va p 143 Niesten Ciel tt Tetre t ii p 96 , 


^ Monthly Notices vol 
"Webb Cel Objects p 386 
® Mens M'hcroTn p 

® A/oier iTowTTi of Science vol tix p 467 

to bneht stos mav scarcity of amall close companiona 

to bright stars may be partly due to the difficulty of discoyermg them 
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lound their common centre of gravity Why this is so we 
cannot tell , the hare fact is before us 

Some beautifully coloured stars are nevertheless ascer 
tamed to he m mutual revolution The yellow and lose-red 
components of r) Cassiopeise finish their circuit in about two 
hundred years , those of € Bootis chrome yellow and sea water 
blue in probably upwards of twelve hundred , | Bootis and 
TT Cephei orange and purple o Cephei and r Cygni golden 
and azure pairs are all in swifter or slower orbital movement 
A good many richly tinted stars, on the other hand appear 
stationary, doubtless because their distances apart are so con 
siderable as to make their revolutions inordinately slow 
Thus the emerald green companion of a Herculis has preserved 
during a century an invaiiable position with regard to the 
ruddy star it depends upon and Antares forms with its sea 
green satellite a somewhat similar and equally rigid combina 
tion The fixed pair ^ Cygni (Alhrreo) shining with yellow 
topaz and aquacoelestis blue light presents perhaps the 
most lovely effect of colour in the heavens, nearly matched 
however by the variable S Cephei and its coerulean companion 
Among numerous other examples of contrasted or harmonising 
tints in double stars may be mentioned 7 Andiomedae orange 
and green , 7 Delphmi, yellow and pale emerald , 'q Persei 
golden and azure , 24 Comae Berenices, orange and lilac, 12 
Canum Venaticorum pale yellow and fawn , v Seipentis sea 
green and lilac, a pair in Cassiopeia (S 163) copper colour 
and blue , 1 7 Virgmis light rose and dusky red , 0 Draconis 
orange and emerald A few red and green pairs seem 
abnormal through the near approach to equality m the 
magnitudes of the components One such was observed by 
Herschel m Pisces, and Burnham noted in 1900 the reality 
of the contrasted tint it presents^ Another was discovered 
by Burnham himself in Pisces But the fiery primaries are 
in both cases likely to prove variable 

Bright white stars have not unfiequently small blue ones 
in their vicinity A distant companion of Eegulus seems as 
if steeped in indigo , Eigel has an azure attendant , "X Gemi 
norum one of an amethystine shade , 84 Ceti and 62 Eridam 
are made up each of a white and a lilac star , while the 
^ Measures of Double Stars p 10 
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sapphire i Bootis is grouped closely with oae more loosely 
with two other subordinate blue objects ^ 

Two questions at once suggest themselyes about the 
colours of double stars To the first Are they real? a 
decisively affirmative answer can be given , but the second 
Are they permanent ? cannot he disposed of with such 
promptitude The subtlety of hues resulting from a highly 
complex set of retinal impressions renders them peculiarly 
liable to s'vibjech've variation As evidence of oljechve varia 
tion, then random notes of colonr are of little or no use 
Only the estimates of skilled observers trained to the needful 
precautions^ furnished with suitable instruments above all 
owmng normal eyesight are worth weighing and comparing 
Ender this rule of exclusiveuess the testimony req^uiring the 
admission of real change shrinks surprisingly in compass hut 
does not wholly disappear Colour-variables are to be found 
among compound no less than among single stais 

Owing partly to instrumental partly to personal causes 
the elder Struve perceived as purely white many stars seen 
by Herschel with a tinge of red or yellow Disagieements m 
the opposite direction merit, then particular attention and 
they are especially marked in two cases ’ The components of 
the splendid couple 7 Leonis were described by Herschel in 
1784 as both white the smaller inchmng slightly to pale red® 
But Strnve saw them m 1837 golden yellow and reddish 
green. Admiral Smyth ^bright oiange and greenish yellow , 
and strongly though nneqnally yellow they still remain 
Here then we have a presumption of genuine change which 
in the companion mstance of 7 Delphmi is raised almost to 
certainty These last stars noted by Herschel in 1779 as 
both perfectly white showed golden yellow and bluish green 
to Struve s scrutiny The progress of alteration may perhaps 
be marked by the younger Herschel s and Souths record of 
them as white and yellowish in 1824^ Their dissimilar tints 
of orange and green now strike the eye at the first glance with 
the smallest telescope ® 

^ Flammanon Gatalogue des J^toths Doubles p 76 

^ Mensuroe Microm p Ixrxvii 

3 Ph^l Trans yoI Ittt p 48 * Jhzd vol cxit p 363 

® Notle Ho'iirs w%tha Three inch Telescope p 111 Fiajiks Journ Brit 
Astr Ass vol v p 457 
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Another pair famous for colour fliictnabions is 95 Herculis 
composed of two equal stars of 5|* magnitude, planted (to 
appearance) immoyaMy witliiii 6" of each other Familiar 
with them as yividly tinted objects. Professor Piajzzi Smyth 
was astonished on pointing his telescope towards them from 
the Peak of Tenenffe July 29 1856 to perceive them both 
white ^ In the following year nevertheless they shone as 
before m ‘ apple green and cherry red, and were so observed 
by Admiral Smyth Dawes and others Captain Higgens^ 
actually watched these colours fade and revive in 1862 63, 
in the couise of about a year, but no trace of them has 
been seen of late, the stars of 95 Herculis are now of an 
identical palish yellow^ Their spectra are not identical 
Dr Yogel, in 1899, classed one as solar, the other as Sirian 
in type The history of these stars goes back to 17 80 when 
Herschel observed them as bluish white and white, J Her 
schel and South called them bluish white and reddish ’ in 
1824, Struve, 1828 32 greenish yellow and reddish yellow in 
precise agreement with Pickerings appraisement in 1878^ 
Thus the magnificent tints of orange and green which 
Seechi admired in 1855 and Piam Smyth missed in 1856, 
were of a transitory charactei 

In the well known, binary 70 Ophinchi theie has been an 
equally undoubted change Except an inclination to red ^ in 
the smaller the elder Herschel perceived no colour in either 
of these stars , his son and Sir James South called them white 
and ^ hvid , yet they were recorded by Struve as of an espe 
cially intense yellow and purple by Admiral Smyth as pale 
topaz and violet They are now both yellow very much as 
they were seen by Secchi in 1855, and by Franks m 1876 , 
the companion was nevertheless marked “purplish at 
Harvard College in 1878 ^ rose coloured by Flammanon m 
1879 

The three stars of f Cancri are usually yellow but Dem 
bowski noticed them as all white 1854 56, the remoter 
component turning yellowish or olive in 18 64-65 ^ This form 
of concordant change through various shades of primrose or 

^ Smyth B'ldereaZ Chromahcs pp 35 78 ^ Ilzd p 80 

^ IToble Op at p 105 ^ Karvaid Annals vol xi p 150 

® Astr ITatJi Nos 1110 1574 



148 


THE SYSTEM OF THE STAES 


cowslip IS not very rare among revolving stars while the 
development of colour in other pans tends towards the 
production of contrast It often happens too that one 
component only varies m hue, in which case the change always 
affects the satellite stai The attendant for example of S 
Hercnlis has appealed hy turns ashen ^ grape red blue and 
bluish green , that of S Cygni was observed by Struve as grey 
in 1826 1833 but conspicuously red in 1836 blue by Dawes 
in 1839-1841 alternately red blue and violet by Secchi in 
1856-57 grey once more by Dembowski in 1862 63 red by 
Engelmann m 1865, since when it has commonly seemed 
light blue ^ Again the multiple star a Ononis includes two 
if not three coloui- variables, the distant companion of 7 
Leporis changed from pale green in 1832 to garnet 111 1851 
and 1874 and the satelhte of v Serpentis from lilac in 1832 
to native copper in 1851^ 

Eye - estimates of colour do not reach helow the 
surface , they are mere indications which the spectroscope 
and the spectrograph can alone help us to interpret But the 
task IS delicate for the eye and until of late, was impossible 
for the cameia of disciminating the varieties in quality of 
closely adjacent light-sources Miss Maury managed, never- 
theless, to pick out on the Draper Memorial plates eighteen 
composite spectra in which the characters were so mixed 
as to suggest a twofold origm,^ and her acumen has been 
vindicated by the spectroscopic resolution of several of these 
dubious objects into swiftly revolving unlike couples Exact 
determmations of the kind however were rendered possible 
only through Sir William Huggms s invention of a reflecting 
slit by means of which the spectra of stars no more than 2 " 
apart can be separately photographed^ Successful impressions 
were thus obtained from 7 Leonis Cor Caroli (12 Oanum 
Yenaticorum) and ^ Cygni From previous observations of 
the last mentioned pair with a visual spectroscope, he had 
found their complementary colours explicable (wholly or 
m part) by complementary absorption,® but this was not 

^ Engelmann Astr MacJi Fo 1676 
Smytli Sid Ghromahcs p 29 Webt Od Objects p 389 
^ Mar'vc^rd Armais vol xxtlii p 92 
^ Comj^tes RendV)S Oct 11 1897 Astrophys Jort/rn vol vi p 324 
® Phd Trans vol cliv p 431 
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perceptible m the more refiangible sections of their dispersed 
light photographed by himself and Lady Huggins m 1897^ 
The blue star yielded a Sman the yellow star a solar spectrum 
both of perfectly normal quality Their exceptional tints 
appear to be reserved for visual explanation 

Yet the improvement of methods has brought within view 
the realisation of the chief desiderata in stellar chromatics 
These are, first, the definite correlation of the integral effect to 
the eye with the analytical data furnished by the prism , 
secondly, the recognition of some fixed mode of correspond 
ence between spectral and colour variations The foundations 
will then have been laid of a true science of stellar chromatics 

^ Atlas of Stella/r S'pectra pp 158 163 



OHAPTEE XI 

DOTJBLE STARS 

A DOUBLE star is one that divides into two with the help of a 
more or less powerful telescope The effect is a strange and 
might have appeared beforehand a most uiilikel 7 one Yet it 
IS of quite ordinary occurrence Double stars are no freak 
of nature but part of hei settled plan , or rather they enter 
systematically into the design of the Mind which is in and 
above nature 

The first lecognised specimen of the class was ^ TJisse 
Majoris the middle horse of the Plough called by the 
Arabs Mizar which Eiccioli found at Bologna in 1650 to 
consist of a 2^ and a 4 magnitude star within fourteen 
seconds of arc of each other Both are white and they 
make a ladiant display even m a very small telescope The 
accident of a bright comet observed by Eobert Hooke passing 
on February 8 1665 close to 7 Aiietis ( Mesarthim ) led to 
his discoveiy of its duplex nature The components each of 
the fourth magnitude and eight seconds apart are perfectly 
alike both in light and colour Meanwhile Huygens had;, m 
1656 seen 6 Ononis to be tuple — it disclosed itself as 
quadruple in 16843 Or Crucis m the southern hemispheie 
was divided by some Jesuit missionaiies sent by Louis XIV 
to Siam in 1685 and cl Centaun by Richaud at Pondicherry 
in 1689 3 making in all five double stars detected during the 
seventeenth century Four more — 7 Viiginis Castor 61 
Cygni and ^ Cygni — were taken note of by Bradley before 
17563 and in 1776 Bather Chiistian Mayer began at 
Mannheim a deliberate search for stellar couples Hi^ thirty 
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three diseovenes in. two years might he described as the 
preliminary washings from the rich lode stmck a few months 
latei by Sir Wilham Herschel’- 

The plentiMness of double stars was m itself an irre- 
sistible argument for their reality That any two unconnected 
bright stars should be projected closely side by side upon the 
sphere was improbable , that such a contingency could be 
repeated hundreds of times was what no sane man ought 
to have been capable of believing But human credulity is 
nowhere more conspicuous than m what it is prepared to 
attribute to chance, and it needed such clear evidence of 
mutually circlmg movements as Herschel was able to produce 
in 1803 to establish the conviction of the physical existence 
of double stars 

The fact is one at which we can never cease to wonder It 
brings us face to face with a state of things entirely unfamiliar 
and of which the purpose bes beyond the scope of our bmited 
understandings So accustomed are we to the sole domimon 
of our own great star that the presence of two suns in one 
sphere might well at first sight appear incredible Yet there 
aie many things undreamt of in oui philosophy which are 
nevertheless true Every drop of stagnant water is a world of 
uninterpreted mysteries , what we choose to call the “ order of 
nature ’ is violated at every instant inexplicably by our own 
volition , and if that order be attended by anomalies upon the 
earth how much less shall we venture to prescribe its course 
in the heavens* 

The term “ double star is obviously C[uite indefinite apart 
from some agreement as to its meaiung , and it was in fact 
used by early observers m a far wider sense than it is now 
usually considered to bear Many of the small and remote 
attendants upon brighter stars recorded by the Herschels 
could scarcely be presumed to have any real connection with 
them, 32" was fixed by Struve as the maximum interval be 
tween the components of a genuine double star, or 16" unless 
both were brighter than the mnth magnitude , the younger 
Struves ‘ Pulkowa Catalogue mcluded no stars beyond the 
narrower limit and Mr Burnham rejects all pairs below the 
eighth magnitude above 5" apart This progressive restriction 
1 See the writer b S%story of Astronowy p 18 4tli ed 
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has almost necessarily aecompamed the improvement of 
telescopes With the poweifol and perfect refractors now m 
use really close pairs aecumnlate faster than they can con 
tinue to be observed , and the collection of the innumerable 
loosely yoked and ill-assorted couples they furthei reveal would 
be mane waste of time 

Already above twelve thousand double stars, in the Her- 
schehan sense have been registered, of which some six 
thousand correspond by the closeness of their combination, 
to strict ideas of what a double star should be , about 1400 
are separated by 2" oi less, and between 600 and 700 are 
visibly revolving These last interesting cases multiply just 
now with especial rapidity They are most apt to occur as 
might be expected among those stars at the smallest apparent 
distances from each other and requiring accordingly the 
highest optical powers for their detection Our acquaintance 
with most of these is so recent that their movements are only 
commg to be recognised as one pair after another is re- 
measured after a few years interval 

The singular profusion with which stars are planted side by 
side with a bare hmrlreadtJi of sky between became manifest 
through Mr Burnhams discoveries made at Chicago 1871 to 
1879 while he still pursued the profession of a stenographer 
His thousand new pairs included 743 at an average distance 
of 1 58 This means that the total interval from centre to 
centre of these objects was just equal to the width of a human 
hair held thirty six feet from the eye About one tenth of 
that distance is the mmimum at which even with the great 
Lick telescope stars can be divided, but by no means the 
mmimum at which they can separately exist The spectro- 
scope his demonstrated what it was logical to infer, that 
numberless stars which must always either through their 
distance from ourselves or the closeness of their companions, 
remain optically smgle are nevertheless compound, hence 
of any given star as of a chemical ‘element, we can say, 

not that It is mdmsible bub only that it has never been 
divided 

Such stellar pairs as are known to be in orbital move 
ment are called bmary stars to signify that they form real 
^ Memoirs R Astr Soc vol xItii p 317 
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dual feystems The finest specimen of this hind in the 
northern heavens is Castor or a Geminorum composed of 
a second and a third magnitude star 5" 18 apart They are 
both white with a greenish tinge and can be divided with a 
veiy moderate telescope, so that the sight of this brilliant 
and suggestive object is not reserved for the innei circle of 
astronomers Now it happens that Bradley observed the 
relative situation of these stars in 1719 and the comparison 
of his record with measures of the present day shows that 
they have shifted in the interim to the extent of 131 or 
considerably more than a third of a revolution To complete 
an entire one they would need at the same late about 500 
years But they are hkely to advance upon it The most 
trustworthy orbit yet computed fixes their period at 347 
years 5 ^ and although their movements have in the past, 
falsified many predictions each successive investigator is in a 
better position because commanding a wider range of data 
than his predecessors The limits of uncertainty as regards 
time of circulation shrink of themselves with every decade 
that goes by 

The brightest is also the widest pair of revolving stars in 
the sky and a third distinction — that of being nearer to us 
than any other known sidereal object — accounts for the first 
two In a Centauri are combined two stars so brilliant that 
the lesser, though emitting only one third as much light as 
its neighbour, is still somewhat above the second rank It 
IS of a deeper yellow than the primary star and must have 
gained considerably in lustre during the last century unless 
Eeuill4e, Lacaille Brisbane, and Dunlop all erred egregiously 
in calling it of fourth magnitude ^ Since they were observed 
by the Franciscan monk Louis Feuillee at Lima in 1709 
these stars have executed nearly two and a half revolutions 
They traverse in eighty-one years ^ an orbit about as much 
elongated as that in which Fayes comet travels round the 
sun and diveige, accordingly, at apastron to more than 
thrice their periastron distance They are now 22" apart 
and are separating fast, having in 1875 swept through their 

’ Doberck Asir Nach No 3970 

See llammarion s Catalogue p 81 
T J J See EwluUon of the Stellar Systems p 148 
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point of nearest approach The ^ mean ladius or half the 
major axis of the computed ellipse if seen sq[uare from the 
earth, would subtend an angle of IV 7 corresponding at the 
star s distance of twenty-fire billion miles to an actual span 
of (m round numbers) 2100 million miles , so that these 
lustrous globes are sometimes almost as close together as 
Saturn is to the sun then after two score years at times 
the distance of Neptune Their mass is just twice then light 
about times that of the sun 

The spectacle is heyond doubt amazing of two such 
bodies united thus organically into a single stately system 
That it includes many other members may be taken for 
granted although we may never succeed in observing them, 
and are unable even m imagination to bestow or arrange 
them satisfactorily Evidently no pi inetary scheme or schemes 
at all resembling our own can depend uiion tbe stars of 
d Centaun A Mercury or a Vulcan at the most, might 
find shelter in the close vicinity of one from the dis- 
turbing power of the other its possible inhabitants enjoymg 
the combmed or alternating radiance of a gieater and a lesser 
sun Comets entering these precincts must be perplexed to 
decide between the two potentates claiming their allegiance, 
and perhaps on occasions pay their court to each in turns, 
throwing out tails as they do so, of a highly anomalous 
character It has however been suggested that the clients of 
double stars circulate about both simultaneously in orbits wide 
enough to keep them beyond the reach of dangerous pertur- 
bations from either This is of course, conceivable, if for 
many reasons unlikely , but the surmise can neither be verified 
nor disproved 

The stars of 61 Cygni like those of a Centaun share a 
rapid onward movement through space They resemble them 
too m spectrum and coloni and are counted among our nearest 
stellar neighbouis Yet they are inconspicuous one falling 
short of the fifth * the other of the sixth magnitude 

Although they have been under continuous scrutiny since 
1753 when Bradley noted the differences in their times of 
transit it is only within the last few years that the curvature 
of their path has become perceptible Besides the forward 
movement possessed in common by the two, the smaller also 
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shifts its place sensibly as regards the laiger star But for a 
century and upward the shifting appeared to take place along 
a straight line If this had really been the case the fact 
would have abolished the presumption of their binary char 
acter and compelled the belief which was adopted hy Captain 
Jacob in 1858,^ and maintained so lately as 1891 by Hr 
Burnham^ that the stars would eventually part company 
and cease to have even an apparent connection This we 
can now see clearly was a false alarm They are really 
inseparable , although the circumstances of then revolution 
must long remain unknown Moreover, Dr Wilsings an- 
nouncement in 1893® that the motion of one or both com- 
ponents was disturbed hy the attraction of invisible attendants 
lacks confirmation 

The systems of 70 Ophiuchi and 7} Cassiopeise have much 
in common The stais forming them show similar spectra 
and (apait from incidental vaiiations) similar colours They 
progress through space at about the same rate ^ and both axe at 
nearly the same distance of twenty light years from the earth 
Both too have proved somewhat recalcitrant to computation 
The orhit of 70 Ophiuchi more especially though one of the 
earliest experimented upon can still only he regarded as 
approximately determined The stais have hitherto so 
persistently refused to keep to their predicted places that 
Madler Jacob and Sir John Herschel suspected disturbance 
hy an invisible member of their system calculated hy Dr See 
in 1895® to revolye in a period of thirty six years The 
bright companion on this view describes in eighty-eight years 
an eccentric orbit with a major axis slightly less than that of 
hTeptune, while simultaneously tracing out in thirty-six years, 
' another ellipse which in sue considerably surpasses that oi 
the planet Mars’ ® Yet its vagaries of movement are not 
even thus completely explicable The ineclianisin of 70 
Ophiuchi has still obscure springs 

The path of ^ Cassiopeiae traversed in 1 9 6 years (accord 

^ Edmdurgh N’e'w JPMl Journv vol vii p 107 
2 Ast^ Ncoch ISTo 304:7 
^ 8%tzu%gsber%iMe Berim Octobei 26 1893 
^ Sadler E%gUsh vols xli p 410 xliv p 322 

® Astr Journ No 363 
® T J J See SteUar Syst&ins p 220 
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mg to Dr See s elements) is of an ampler sweep Its mean 
radius is fifty three times that of the terrestrial, nearly twice 
that of Ifeptuiies orbit The stars, nevertheless at their 
neaiest approaches come within less than once and a half 
times the distance of Uranus from the sun, and since they 
together contain more than four times the solar q[uantity 
of matter perturbations of no slight intensity would at 
such times affect their perhaps visionary trams of attendant 
bodies 

Laplace s conjecture that space might hold as many dark 
as bright masses has received some countenance from the 
phenomena of double stars For among them are reckoned 
eflfects of the attraction of unseen upon the movements of 
seen bodies while m two cases the detection of an imperfectly 
luminous object has like the discovery of Neptune, ensued 
upon the theoretical indication of its place 

From the nature of the pioper notion of Sinus Bessel 
inferred in 1844 that it did not tiavel alone The line traced 
out by it must were it solitary, have been straight, whereas 
it undulated markedly and legnlaxly once in about half a 
century Revolution in that period round an obscure com- 
panion was mdicated , the elements of the hypothetical Sirian 
system were computed by Peters and Auwers and the precise 
position of the Sirian satellite was assigned by Safford in 
September 1861 On January 31 following, it was found 
just m the right spot by Alvan G Clark, of Camhridgeport 
Massachusetts 

The companion of Sinus is a dull yellow star of tenth 
magnitude almost lost in the glittering radiance of its great 
neighbour Their appaient distance having diminished from 
10" m 1862 to 4" 111 1890 it was then barely distinguishable 
to Mr Burnham with the 36-inch Lick refractor^ For six 
years it remained wholly invisible , unseen it passed periastron 
m 1894, but in November 1896 re emerged in its predicted 
place, and has since steadily followed the track laid down for 
it The elements assigned to the pair by Dr 0 Lohse m 
1904^ when it had performed all but 30'’ of an entire circuit, 
may accordingly be accepted as authoritative 

The system hi ought to our notice is a very remarkable 
^ Jstr JSTach No 2884 Ihd No 3055 
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one Its chief member is a body extremely bright in pro 
portion to its mass , its secondary member is a body abnormally 
massive proportionately to its light Sinus shines like foui 
thousand it gravitates like two of its companions There 
must hence be an enormous disparity of temperature between 
them with a probably corresponding difference of mean density 
Yet they are presumably of contemporaneous origin 

At the distance of Sinus (about fifty billion miles) the 
sun would appear as a star of the second magnitude A 
collection of twenty one suns would barely supply the 
emissions of that brilliant orb, the attractive energy of which 
IS nevertheless little more than twice that governing the 
solar system The revolutions of its satellite are completed 
in 50-^ years at a mean distance twenty times that of the 
eaitli from the sun with excursions at apastron two hundred 
millions of miles further than Neptune s Now to con 
trol motion so swift in so spacious a path 3^ times the 
solar quantum of matter must be present , of which one 
third belongs to the satellite itself constituting it a body 
lather more ponderous than the sun though giving no more 
than of its light Thus the contiast between the 

components of this binary star could scaicely among visible 
objects he more pronounced And its significance is accentu 
ated by its essential repetition in Procyon the lessei dog 
star 

Since its motion was known to be disturbed in precisely 
the same way as the motion of Sinus, no doubt was enter 
tamed of its belonging to a binary combination But the 
second member of that combination long evaded search and 
was at last identified by Professor Schaebeile at Lick November 
13 1896 in the modest guise of a thirteenth magnitude star 
4" 2 from its primary So far its movements tally well with 
the period of forty years hypothetically attributed to them by 
Auwers in 1861 , but indicate probably a markedly eccentric 
orbit instead of the nearly circular one assigned by him^ 
Schaeberles satellite again exemplifies the strangely disparate 
nature of some stellar couples It exerts three fifths the 
gravitational power of the sun, while emitting no more than 
1 Qf light Procyon is further off from the earth than 
^ Newcomb The Stars p 162 
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Sinus though notiu the proportion of its infeiiority in magni 
tude Its actual luminosity scarcely amounts to one-fifth that 
of the greater dog star 

The detection of partially obscure stellar schemes goes on 
apace The disturbances of motion telescopically apparent 
suggested analogous disturbances of motion lecognisible 
only with the spectroscope , and the hint has proved extra 
ordinarily fruitful Stars like Procyon aie connected hy 
innumerable gradations with stais like Algol This we shall 
learn m some detail further on 


Theie are other criteria besides that of visible revolution 
in an orbit by which physical can be distinguished from 
optical double stars Since 1812 when Bessel pointed out 
the conclusiveness of the aigument for real connection implied 
in the advance together of the stars of 61 Cygni,^ ' common 
proper motion has been universally admitted as a proof of 
genuine association Thus the lustrous pair y Arietis has 
continued relatively fixed since Bradley measured it in 1756 , 
yet Its members are fellow travellers through space and 
assuredly keep mutually circhng as they go although so 
slowly that a century and half count almost for nothing in 
the majestic cycle of their revolutions Again the brightest 
star m the Southern Cross is made up of two stars of re 
spectively 1 6 and 2 0 magnitude 5" apart the situations of 
which have not perceptibly changed since Dunlop determined 
them in 1826 This amounts to saying that their 
proper movement is identical And even independently of 
this positive test the probabilities are enormously against the 
accidental close juxtaposition of two stars so brilbant and so 
nearly equal as those of a Crucis 

The circumstance testifies strongly to the prevalence of 
pljsical connection between stellar pairs, that the average 
difference of brightness between them grows steadily with 
their distance apart approximately equal being usually con- 
tiguous objects Every degree of inequality is indeed found 
undoubted systems , still the chances of optical association 
m^t obviously increase vastly even at the same distanrerwith 
increase of optical disparity 

Tie lactgromd of the sly .s » thicUy strewn with email 

^ Monat Corresjpondenz Bd xxvi p leo 
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stars that we cannot be surprised if some of them happen to 
occupy critical situations Eather, there is ground for 
astonishment at finding that certam remote satellites of 
bright stars seem indissolubly united to them Eegulus, for 
example carries with it as it pursues its way across the 
sphere a star between the eighth and ninth magnitude 
discovered by Winlock at Washington to be itself closely 
double The interval between the pair and its governing 
body amounts to nearly three minutes of arc Castor too, 
has attached to it a tenth magnitude star at 7 4'' , one of 
seventh magnitude 9 0" to the south west of a Crucis evidently 
belongs to its cortege , ^ and Aldebaran forms with a minute 
object at 31" what seems to be a permanent combination 
resembling in its effect to the eye that of Mars with his outer 
satelhte ^ 

Where two close stars seem fixed relatively and absolutely 
the case for their physical union must depend upon circtim 
stantial evidence alone But this is sometimes of cogent 
import Contrast of colour for instance may afford grounds 
for a strong persuasion of real relationship Certain tints as 
blue, green and violet only occur among mutually associated 
stars We cannot, then suppose the association upon which 
they depend for then production to be merely apparent 
The topaz and azure components of /3 Cygni have no 
appreciable motion of any kind and they are separated by a 
gap of 34" exceeding the limit of distance of real double stars 
as defined by Struve Yet it is impossible to doubt that their 
brilliant hues are truly expressive of the systemic union from 
which they in some unknown way result The same may be 
said of S Cephei and its blight blue attendant and of the 
much closer and nearly equal stars 95 Herculis the inference 
being here strengthened by the concerted changes of colour 
recorded of them We might be sure too, of the dependent 
status of the emerald satellites of the red stars a Herculis 
and Antares even if it were not independently proved by 
a community with their primaries in very slow progressive 
movement 

Nevertheless some highly coloured pairs have been con 

^ Innes Ueference OataZogue p 111 a 

® Burnham Astr Na^h Nos 2189 2876 General Catalogue p 49 
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eluded by M Flammaiion from a careful study of their 
relative displacements to be optical^ Among these aie 
o Dracoms which might be called a subdued replica of ^ 
Cygni, 0 -^ Piscium golden and blue, 42 Piscium yellow and 
green, a gold and purple pair in Auriga (0]S 154), two 
nearly equal stars in Perseus (S 434) showing lovely tints ot 
golden yellow and azure with several besides If these colour s 
be inherent it is difficult to believe that the stars distinguished 
by them are simply thrown together by perspective ^ Before 
venturing to pronounce however we must wait and let their 
motions develop 

The display of similar goes quite as far as the display 
of dissimilar colours of an unusual kind towards proving a 
physical union between adjacent stars Strikingly red pairs, 
for instance even when pretty widely separated can hardly 
be the result of chance Several are known, but their fixed 
character discourages frequent observation Variability of 
hght supphes another valuable indication of relationship 
When common to both members of a pair it le ives no loom 
for doubt on the subject We shall recur to this topic in a 
later chapter 

Stars with ascertained proper motions characterise of 
themselves the nature of their companionship lor either 
they keep on together or they show signs of incipient separa- 
tion slowly hnt surely marking the distinction between a 
lasting union and mere temporary contiguity In the latter 
case the movement of one of the stars referred to the other 
necessarily proceeds along a straight line so that rectilinear 
displacement is an infallible mark of an optical couple One 
curiously close (% 1516) occurs in the constellation Diaco 
Two stars of 7 and 7 5 magnitude passed in 185 6 so near to 
one another by the hazard of their paths nearly inteisectiiig 
as to present the effect of two points of light one inch apart 
at a furlongs distance from the eye Their angulai separa- 
tion then only 2" 6, is now 13" and it will continue to grow 
indefinitely Their absolute disconnection has been confirmed 
by direct measurements showing them to differ extremely in 
remoteness from the earth The larger of the two, by one 

^ OoTJvpUs Me%dus t Itxtvii pp 836 872 
Monck Knowledge vol xii p 170 
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of those singularities which abound in the heavens forms a 
genuine pair with a star very much fainter than its spurious 
companion 

Irom what has been said it is clear that a good deal of 
patience is needed for the investigation of double stars The 
facts about them must often be allowed to ripen for a long 
time before they can be turned to account Soonei or later 
however their fruit cannot fail to appear There is perhaps 
no other branch of science in which industry is so sure to be 
rewarded with definite results The first step is to separate 
perspective from physical couples , this can only be done by 
the persistent repetition of exact measures The next is to 
detect nai&cent circulatory movements in true binary pairs 
or to keep watch on them as they progress Their careful 
comparison with theory may at any time bring surprising 
novelties to light For each stellar system is in effect a 
world by itself original in its design varied in its relation 
ships, teeming with details of high significance But at 
present only an imperfectly traced outline of the construction 
of some three score among hundreds of them is before us , 
their multitude distracting attention Yet it would be bettei 
to make intimate acquaintance with one than to know a score 
superficially All the resources of modern inventiveness 
should be enlisted in these inquiries "Sot only the revolu 
tions distances and masses of double stars their movements 
CLcross and the line of sight should be determined with 
ever increasing precision, but their colours and magnitudes 
and above all, their separate spectra both visual and photo 
graphic should be recorded By such means as these real 
knowledge will be augmented far more than by the most 
brilliant success in the telescopic detection of new pairs 
This has its own interest and value, but the recesses of 
sidereal structure must be otherwise explored 


11 



CHAPTER XII 

STELLAR ORBITS 

The strong presumption that the law of gravitation would 
prove truly universal has been fully borne out by investiga- 
tions of stellar orbits Binary stars circulate it can be 
unhesitatmgly asserted under the influence of the identical 
force by which the sun sways the movements of the planets, 
the earth the movements of the moon This it is true does 
not admit of mathematical demonstration but the over- 
whelmmg improbabihty of any other supposition enforces an 
almost equal degree of certitude^ The revolutions of the 
stars are hence calculable because conducted on familiar 
prmciples, their velocities have the same relation to mass, 
their perturbations may lead to similar inferences as in the 
solar system 

Observations, however must precede calculations, and 
they are rendered arduous in double stars by the extreme 
minuteness of the intervals to be measured Many revolvmg 
pairs never separate to the apparent extent of a single second 
of arc, yet this fraction of a second may represent in abridg- 
ment a span of some thousands of milhons of rmlpa in- 
fimtesimal errors magnified in this proportion become 
of colossal importance and often impenetrably disguise the 
real aspect of the facts 

For determmmg the relative situations of adjacent stars, 
two kmds of measurement are evidently needed The first 
gives them distance apart the second the direction of the hne 
joming them as regards some fixed Ime of reference That 
selected is the hour-circle or great circle passing through 
^ Tisserand, Bullet%n Astronomique t iv p 13 
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the pole and the larger star and the angle made with it by 
the line of junction of the pair is called their position angle 
It IS counted from 0° to 360 , in a direction opposite to that 
of the movement of watch hands and a star is hence said to 
be in direct revolution if its circuit is from north to south 
through east, but in retrograde revolution, if it is oppositely 
pursued 

Now the successive places, from year to year of the moving 
star, obtained m this way with absolute accuracy would 
fall into a perfect ellipse the foreshortened delineation as it 
were of the real ellipse travel sed in space For the stars 
path IS seen by us projected against the sky or rather upon the 
plane touching the sphere at that point while the actual orbit 
may lie in any one of an infinite number of planes The two 
curves nevertheless have relations by which one can be 
deduced from the other with geometrical certainty Both are 
ellipses, and in both the radius vector or line drawn from 
the satellite to the primary describes equal areas in equal 
times But the position of the chief stai at the focus of the 
leal ellipse is not maintained in its perspective representation 
in which the projected focus is often quite unsymmetrically 
placed Fig 22 shows in juxtaposition the apparent and 
xctual ellipses traversed by a Centauri as delineated and com 
puted by Dr See The distorting effects of perspective can 
be estimated by noticing that, while the true epoch of 
periastron was in 1875 the stars nevertheless continued to 
draw together optically until 1877 Once then the seeming 
orbit of a binary star is thoroughly ascertained the problem 
of determining its actual orbit is as good as solved, the 
transition from one to the other being effected by a mathe 
matical operation of no considerable difllculty Even when 
the seeming orbit is a straight line the process remains 
feasible and in fact one of the most reliable stellar theories 
relates to a couple the movements of which are conducted in 
i plane passing it may be said accurately through the earth ^ 
The stars of 42 Com^e Berenices appear simply to oscillate to 
and fio in a period of somewhat less than twenty six years, 
never diverging to a greater extent than about half a second 

^ 0 Stiuve Monthly Notices vol 3kxxv p 367 AtU dell Accad Font t 

XIX p 259 
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and closing up completely twice in the course of a revolution 
Discovered by Stiuve m 1827 they have since then six times 
presented an aspect of indivisible singleness Other couples 


180 ® 



travelling m paths seen nearly edgewise are y CorontX. 
Borealis with a peiiod of ninety five 44 Bootis with one of 
261 years and a binary in Ophmchus 2173) revolving in 
forty-six years 

Nothing wonld at first sight seem easier than to lay down, 


STELLAR ORBITS 


165 


from a sufficient store of data, the apparent track of a star 
Yet the task is often a most embarrassing one Owing to the 
excessive minuteness of the quantities concerned, the best 
observations can give only loose approximations to the real 
facts The margin of uncertainty, always very wide at times 
exceeds any reasonable limit and computers are hence obliged, 
as a rule to reject some part of the materials before them as 
misleading and incompatible with the rest But the exercise 
of discretion leads to diversity of results and totally different 
orbits can thus l/e derived from the same set of observations 
by varying their treatment so as to distribute differently 
their inherent errors Where only a moderate arc of the 
orbit has been described, the problem of ideally completing 
it admits, from the indeterminateness of its conditions 
of no rigid solution One might in Mr Burnham s opinion 
as well guess the period as go through the formality of 
calculating it^ When the companion of Sinus for instance 
had been eighteen years under scrutiny it was still impossible 
to decide whether it would return to its starting point within 
the half century allotted to it while still an unseen agency of 
disturbance or depart on a remote excursion from its primary, 
demanding some hundreds of years for its accomplishment ^ 

In no department of astronomy is the mischief of per 
sonal equation so sensible as in the measurement of double 
stars STearly all available data are prejudicially affected by 
it, and those emanating from different individual sources are 
thus often rendered exceedingly inharmonious Much labour 
and ingenuity have been spent in determining its direction 
and amount for various observers with a view to freeing their 
results from its effects, and after all it remains a question 
whether the observations so elaborately corrected are not more 
misleading than in their raw state 

All these complications might be at once swept away if 
it were possible effectively to substitute the camera for the 
micrometer The photographic method leaves no room for 
systematic, very little for accidental errors G P Bond of 
Cambridge (ITS), showed in 1857 long before the intro 
duction of the modern dry plates its wonderful capabilities 

^ Fojpidar Astronomy vol i p 246 
® Plummer Monthly Notices vol xlii p 63 
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for tlie accurate registration of the varying relative situations 
of double stars , ^ and those capabilities were more fully 
realised m 1886 by the skill of the MM Heniy Some speci 
mens of the Pans photographs of double stars may be inspected 
in Pig 23 The repeated impressions shown of each pair were 
obtained by allowing free play to the diurnal motion during 
certain definite intervals between successive short exposures 
The line of displacement of the stars traces out consequently 
part of a circle of declination and their angles of position are 
directly measurable from plates embodying the data for their 
own orientation The exactitude of determinations from them 
proved very remarkable , for ^'Ursae Majons the 'mean error 
of single measures of distance amounts to only 0"077 of 
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angle to 0 5 5 And this is no illusory precision, but the 
statement of an unalterable fact Unfortunately however 
the calculation of stellar orbits from photographic measures 
must long continue impracticable 

Their application is at present restricted to such pairs as 
are neither very unequal nor very close The diffusive bright 
ness of Smus for instance leaves no possibility of getting a 
separate print of its compamon nor could even the much lesser 
disparity between the stars of S Cygni be made compatible 
with the distinct self-portraiture of both Again, the minimum 
interval at which even perfectly equal couples have hitherto 
been successfully photographed exceeds two seconds, closer 
objects running together on the plate But the closei objects 
are just those most hkely to be m rapid circulation, and 
measures of any others are only in a remote sense useful In 

^ u4str JVac^i No 1129 

^ MoucUez Za Fhotogra'ph%e AstTonom%q%ie p 44 
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proportion then as star couples lend themselves to photo 
graphic delineation they are unprofitable to computers , while 
those that repay computational labour for the most part 
evade registration with the camera^ There are no doubt 
exceptions, such as Castor and a Centauri , and a yearly photo 
graphic record of each pair of the kind would eventually supply a 
stock of facts impaired in value by no perplexing inconsistencies 
The apparent orbits of revolvmg stars will be virtually 
inscribed one may hope in future collections of negatives 
The process of drawing a smooth curve will then no longer 
admit any wide latitude of discretion , and the representative 
ellipse instead of threading its way amid a straggling crowd 
of outlying observations will pass not indeed actually through 
(which would imply the annihilation of error) but very close 
to all the given places 

Above eighty stellar orbits have so far been computed by 
Doberck G-ore Glasenapp Burnham See and others But 
for the most part tentatively nor always with success Pre 
dictions are often at fault, orbits are assigned only to be 
discarded , the moving stars show themselves regardless of the 
trammels of theory Thus the persistent approach, since 
1887 of the components of Castor makes it certain that the 
millennial cycle ascribed to them by Thiele is much too long, 
and suggests even apart from calculation that Sir William 
Herschels estimated period of 342 years maybe nearer the 
mark The movements on the other hand, of the fine 
southern pair, 6 Eridani, demand a continually lengthenmg 
time-allowance 5 and Mr Burnham was inchned in 1893, to 
regard them as rectilinear that is of a definitively separatist 
character 2 The stars none the less seem at present to be 
conforming pretty closely to Mr Gore s orbit, which should be 
completed in 302 years® 

Premature attempts to determine stellar revolutions are 
strongly deprecated by Mr Burnham Some computed orbits 
are so purely provisional that, as he points out many others 
of a totally different form might be substituted for them with 
out doing any violence to the observations Among the 


^ W J Hussey JPubl Astr Soc Pacific Ho 74 p 10^ 
2 Astr and Astrophysics vol xii p 588 
® Innes Reference Cat p 13 a 
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earliest of known couples is f Aquarii, divided by Father 
Christian Mayer in 1777 into equal components of the fourth 
magnitude They are in slow circulation having described in 
the course of a century and a quarter an arc of less than 60 
From the scanty data thus supplied Dr Dobeick has derived 
an orbit traversed in 1578 years the longest peiiod yet found 
for a binary system But it is, or may be illusory Mr 
Burnham scarcely goes too far in saying that the measures of 
at least 500 years must be available before a satisfactory 
theory of this star s revolutions can be formulated ^ 

An opposite instance of uncertainty in calculation is 
afforded by S Equulei which now ranks as the quickest of 
visual binaries Discovered by Otto Struve in 1852 it was 
watched through many complete circuits each of which was, 
until 1900 held to occupy 11^ years In that year however 
Professor Hussey expressed a suspicion that the admitted 
period was just twice too long , ^ and it was amply justified 
by the stars subsequent behaviour® Confirmatory spectro 
scopic observations have also been made , ^ and the pair 
promises to supply a most useful link between stars measurable 
with the nncrometer and stars only resolvable on prismatic 
negatives It was long ago perceived ® that the combination 
of both methods if rendered practicable would lead to a far 
more complete acquaintance with the systemic conditions of 
stars than the employment of either of them separately The 
capabihties of one in fact fill the lacunae left by those of the 
other Stellar orbits as computed from visual data are of 
undetermined size Their distances from the earth have to be 
further ascertained before the scale of their construction 
becomes known But it can also be derived, under favourable 
circumstances, from spectroscopic measurements of velocity in 
the line of sight For these give in miles per second the 
rate of circulation of such star pairs as prove amenable to them , 
and the rate of travel and the period virtually combine to state 
the dimensions of an orbit lying in a known plane The mass 

^ Foj) Astr vol IV p 475 2 JPacijic No 76 

® Pull I/icJc Oisermtory vol v p 205 

^ L%ch Bulletin Nos 4 32 

® Fox Talbot, Report Brit Ass 1871 pt ii p 34 Niven Monthly Mtices 
vol xxxiv p 339 Palisa Astr Jt^aeh No 2941 Eambaut Proc R Irish 
Acad vol IV ser ii p 663 T J J See Astr Mach No 3314 



STELLAE OKBirS 


169 


of the stars pursuing it and their paiallax can thence easily 
be deduced And Professor Hussey accordingly derived for 
S Equulei a combined attractive power nearly twice that of 
the sun, and a parallax corresponding to a light -journey 
of 46 years These results are the first of substantial value 
obtained by the application of the spectroscope to a telescopic 
double star 

The pair that comes next to S Equulei in rapidity is 
/c Pegasi, divided by Mr Burnham in 1880 into 4 3 and 6 0 
magnitude components, not much above one-tenth of a second 
apart They have since then performed more than two 
revolutions (period 11^ years) in an orbit viewed by us under 
an angle of only 9°, and consequently foreshortened into an 
exceedingly narrow oval the oscillations of the stars in which 
can be followed only with the most perfect apphances 

A standard collection of forty stellar orbits with new 
elements calculated by himself was published by Dr See in 
1896^ Twenty-eight among them have periods falling short 
of 100 fourteen of 50 yeais, and these comprise some of the 
best determined though most recently discovered pairs — 
f Sagittarn travelling in 18 years, 9 -^gus in 22, 85 Pegasi 
in 24, j3 Delphmi in 27 years The longest stellar period 
likely to be authenticated is that of 370 years assigned by 
Dr See to cr Coronae Borealis discerned by Herschel as double, 
August 7 1780 Yet, thirty years ago, Doberck found it to 
need 846 years to finish a circuit , and he was an expert in 
researches of the kind In geneial as Mr Burnham has 
insistently urged revolutions require to be finished or almost 
finished before they can be said to be ascertained Among 
the best stellar theories extant is that of ^ Ursae Majoris one 
of two fourth magnitude stars marking the hindmost paw of 
the Great Bear Divided by Herschel m 1780 this couple 
was made by Savary in 1828,^ the subject of the first experi- 
ment in the extension of Newtonian principles to the sidereal 
universe It succeeded , for the stars were found to describe, 
as nearly as could be expected, the orbit calculated for them 
on the supposition that their mutual gravitation was the 
influence binding them together into a moving system The 

^ Mvolutxon oftliQ Stellar Systems p 243 
® Conn des Temps 1830 pp 66 163 
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validity throughout the universe of Ifewtons law has never 
since been open to serious question 

The path of f Urs^ has of late been several times re 
investigated and with results so concordant as to give a 
strong assurance of their appioximate accuracy It is a 
considerably elongated ellipse the eccentricity being expressed 
by the fraction -f which is just twice that of the orbit of 
Mercury half that of the orbit of Encke s comet The period 
of traversmg it is 60 years , its semi major axis would 
subtend, if seen without foreshortening an angle of and 
it hes in a plane inchned 56 to the plane touchmg the 
sphere at that point ^ 

We are ignorant of the mass of this system because we 
are ignorant of its distance from the earth , but whatever its 
distance and whatever its mass there seems no doubt that 
the stars conjoined in it are intensely luminous If of the 
same mean density they must be square mile for square mile 
of surface of about two and a half times the solar brightness 

Determinations of the distances of binary stars are of special 
interest from their leading to a knowledge of their masses 
The connection is easily explained Angular measurements 
which are the only ones possible to be got of objects out of 
tangible reach are convertible into definite linear values when 
the radius of the sphere they refer to becomes known — in 
other words when the interval of space between the eye and 
the objects measured is ascertamed So that the dimensions, 
in seconds of arc of the orbits of stars at determined distances 
give at once their dimensions m millions of miles, whence, 
with the help of their periods of revolution their masses 
easily follow For by the law of giavity the attractive powei 
of any system is proportional to the cube of the mean 
distance of the bodies composmg it divided by the square of 
their period Employing then as a unit of space m this 
little calculation the distance of the earth from the sun, and 
the year as our unit of time we get the mass of each pair ot 
revolvmg stars in terms of the sun s mass It comes out ot 
course larger in the ratio of the cube of the distance for the 

^ Data on these several heads together with others defining the situation of 
peiiastron and of the line of intersection of the orbital and reference planes 
constitute what are called the elements of a star s movements 
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same period and smaller in the ratio of the square of the 
period for the same distance Swiftly moving and spacious 
systems contain accordingly great quantities of matter 
sluggish ones comparatively little Many radiant couples 
maintain, decade after decade an all but absolute fixity 
Alpha Crucis 9 5 and a Herculis 7 Arietis aie examples The 
nascent displacements of ^ Ursae Majons suggest the possible 
accomphshment of a circuit in 10 000 years , those of 7 Delphini 
might consist with a period of four millenniums This strange 
inactivity intimates for the stars displaying it either an exceed- 
ingly small mass or an inconceivable remoteness from the 
earth 

A list of binaries moving in known orbits for which 
parallaxes have been ascertained will be found in Table IV 
of our Appendix It is unfortunately brief , yet it embodies 
some important information One of these pairs 85 Pegasi, 
was divided by Burnham in 1878 and completed in 1904 
its first observed round The components although no 
brighter than sixth and eleventh magnitudes exert a gravitating 
power (from Burnham s elements) ^ eleven times that of our 
sun They wear the aspect as Mr G-ore remarks, rather of a 
sun and planet than of two suns The primary centuples the 
light emitted by its satellite and there is just the disparity 
between them that would be presented by the sun and Jupiter 
if of the same intrinsic brilliancy These would, on the con 
dition supposed, and at the distance (attributed to 85 Pegasi) 
of sixty light years show as a pair of 7-^ and 12-|- magnitude 
never above 0"28 asunder The utmost powers of the great 
Lick refractor would scarcely be adequate for their separation , 
but the real stars being respectively four times brighter than 
the illustrative sun and planet can be kept under watch and 
ward 

The masses of eight visual couples are fairly well known 
and their total value is just that of thirty one suns On an 
average, then, any one of these systems contains neaily four 
times as much attractive energy as the solar system, each 
individual star being equal in this respect to a pair of 
suns like ours Were the extension of this result legi 

1 General Catalogue p 270 Comstock Astroph Journ vol xvii p 223 
The parallax of 85 Pegasi is too small to be well assured 
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timate, the distances of all stars revolving in ascertained 
orbits might be inferred from their assumed massiveness (since 
the relation between distance and mass is convertible) and 
upon this principle Madler derived what he called the 
hypothetical parallaxes of binaries,^ reckoning however 
the mass of each pair to be only that of a single sun This 
estimate is now seen to be much too small and the distances 
founded upon it to fall proportionately short of the truth ^ 
But indeed no general conclusions of the kind are fit for 
application to individual cases The range of variety is so 
great that only simulated knowledge can be obtained in this 
way Yet collective inferences are not therefore worth 
less Thus from averaging the masses of only eight binarieSj 
we have gathered plausible grounds for believing our sun to 
occupy a low rank as a centre of attraction It may be^ 
nevertheless that the swifter binaiies, which can at present 
alone figure on such a list give too high an average mass 

Calculations based upon the orbital elements of revolving 
stars tell nothing of their relative masses They apply only 
to the common stock of matter in each system leaving its 
distribution to be otherwise tested This cannor be done 
except through the due apportionment of movement between 
the members of the system — an arduous task just begun to 
be grappled with 

There is no such thing in nature as a stationary body 
round which other bodies circulate Answering motion there 
must always be though on a scale leduced in the exact pro 
portion that the mass is increased The earth for instance, 
describes under the influence of the moon, an ellipse precisely 
similar to that described by the moon under the influence of 
the earth but eighty one times smaller And the sun corre- 
sponds in the same way to the revolutions of every one of the 
planets notwithstanding that the centre of his movement as 
regards each of them with the single exception of Jupiter, 
lies far beneath his own surface Binary stars however are 

^ Der F%xstern1i%mmd p 82 

^ The masses of revolying stars yary cceteris paribus as the cuhes of their 
distances from the earth Of systems identical in period and apparent move 
ment one twice as remote as another would he eight times as massive one three 
times as remote twenty seven times as massive and so on 
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probably often almost equally massive and therefore almost 
equally mobile bodies The fixity of one member of each 
pair is purely conventional — an indispensable fiction without 
which measurements would be impracticable Those actually 
made give the sum of the movements of both stars and an 
oibit computed from them represents the sum of their dis 
tinct orbits Identical in shape and position with the true 
ellipses it differs from them only in size, its linear dimensions 
in any direction being equal to both theirs taken together 
The genuine centre of movement of two mutually circling 
stars IS their common centre of gravity which hes on a 
straight hne drawn from one to the other at a distance from 
each inversely proportional to its mass The strictly similar 
orbits traversed by each are then spacious in the same inverted 
ratio The larger star performs the smaller circuit and vice 
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vers&, In the case of their eq^uality their orbits must inter- 
sect if elliptical but coincide if circular when the stars will 
pursue each other along the same track while occupying in it 
at each successive moment diametrically opposite positions, 
nor could either, durmg an eternity of undisturbed revolution, 
gam a bans breadth upon the other But circular move- 
ment IS not even approximated to by telescopic binaries 
which usually follow highly eccentric paths 

We may take 7 Virginia as an example of a pair moving 
in eq[ual elhpses the relations of which are shown in Fig 24 
They have it will he seen a common focus the seat of the 
centre of gravity, from which the stars (being of eipual mass) 
must always he equally distant Neither can approach to or 
recede from this point of origin of the force acting upon them 
without the other simultaneously doing the same, the two 
must he in periastron and retire towards apastron together 
losing and subsequently regaining velocity by the same grada 
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tions The stars of a Ceataun also travel m orbits sensibly 
equal but much less elongated than those of y Virginis (se6 
Fig 25) 

The movements of unequal stars are similaily conducted 
That IS to say the jprojporhon of their respective distances from 
the common focus is invariable They are accordingly always 
found in corresponding parts of their orbits and at opposite 
ends of a right line passing through the focus The manner 
of their revolutions can be realised by a glance at Fig 26 
representing the orbits of Sinus and its companion the small 
ellipse belonging of course to the bright star 

Obviously from what has been said knowledge of the 
relative masses of binary stars would ensue upon knowledge 
of the relative dimensions of their separate orbits This, 
indeed is not within easy reach Refined measurements, in a 




Fig 26 —Orbits of the Component Stars Fig ‘>6 —Orbits of Sinus and its 

of Alpha Oentauri companion 

prolonged series of the individual components naust first he 
secured either with the transit mstrument or by micrometrical 
reference to some adjacent stai ^ From the proper motions 
of binary systems information of the desired hind may, m 
some cases be elicited , for the track pursued by each star is 
necessarily, if their orbit he seen nndei a fairly wide angle 
a sinuous one, like that of the moon round the sun while 
the centre of gravity of the two advances unifoimly in a 
straight Ime ITow this neutral point was by Mr Stone m 
1876® and agam after twenty years by Mr Eoberts® fixed 
about midway between the components of a Centauri They 
are accordingly almost equally massive, yet the ratio of 
their lu min osity is as four to one Sinus, again deviates 
from rectilinear motion to nearly half the extent that its 
companion does, it is then twice as massive but 4300 

* Piekenag Proe Amer Acad vol viii p 6 (1881) 

“ Monthly Notices toI xxxn p 268 3 Astr Naoh No 3360 
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times more luminous And evidence of the same nature 
shows Procyon, while outshining its satellite 4700 times 
to outweigh it no more than seven times Analogous 
instances are gradually multiplying Professor Comstock 
has ascertained that the faint companion of 85 Pegasi con 
tains more matter, in the proportion of five to three than its 
comparatively brilliant primary,^ and similarly a fourfold 
predominance in mass is assigned by M Adalbert Prey to the 
six times less brilliant member of the interesting pair 70 
Ophiuchi ^ There remain six couples the relative masses of 
which have been determined by Mr Lewis from the Greenwich 
meridian observations They axe 7 Virginis f Herculis, 
7 ] Cassiopeiie, Eridani, ^ Ursse Majoris and ^ Scorpii 
Only for the first a normal result (if we may call it so) was 
obtained The stars of 7 Virgims seem perfectly matched 
in every respect — in average lustre in spectrum and in 
attractive power In all the other pairs varied degrees of 
disparity were met with, the component mferior as regards 
light being uniformly superior in the government of motion 
In the system of f Herculis which revolves in thirty five 
years, the mass seems evenly divided while no more than 
one sixteenth of the total light is given by one of its members 
Mr Lewis has moreover detected anomalies in the move 
ments of this pair suggesting the perturbative influence of 
an invisible body The disproportion between mass and 
luminosity, which appears to be rather the rule than an 
exception among binary stars, has a most important bearing 
upon their physical history, but we shall not learn its full 
meaning until distinctions of spectrum are correlated with 
discrepancies in relative brightness 

Professor Pickering ^ and Mr Monck ^ of Dublin separately 
perceived the existence of a relation between the movements 
and magnitudes of binaries rendering it possible to determine 
their comparative luminous power proportionately to mass 
quite independently of their distances It is necessary, 
however, to assume either that the components of each pair 

1 A^itroph Joiirn vol xvii p 223 ® Astr Nach No 3946 

^ P;oc Am Acad vol vm p 14 (1881) 

Ohnermtory vol x p 96 Knowledge vol xii p 141 Journ S') it Astr 
A^s vol viii p 179 
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are of similar quality in this respect or else that one of 
them IS of negligeahle mass , nor does the formula distinguish 
between extent of surface and intensity of shining The 
bodies considered may owe then differences in mass 
brightness either to variety in mean density consequently m 
the extent of shining surface or to variety in actual brilliancy, 
area per area The effects observed by us would be the same 
The results obtained confirm the prevalence of astonishing 
varieties m the emissive powers of stars Taking ^ XJrsse as 
the standard pair Mr Gore calculated in 1891 Hhe relative 
brightness of about sixty binaries moving in determined 
orbits The tabulated figures are curious even setting aside 
such objects as Castor and 7 Leonis which came out phe 
nomenally brilliant because of the exaggerated length of the 
periods assigned to them by earlier computers The duskiest 
stars in the hst are those composing 0 ^ Eridani which revolve 
in 180 years and considerably exceed the sun in gravitating 
power although claiming respectively only ninth and tenth 
magnitude rank Admitting their density to be the same 
as that of | TJrsse they seem to be intrinsically 660 times 
less luminous On the other hand X Ophiuchi and 7 Corona. 
Boreahs are the first twenty nine the second twenty one 
times more brilliant, f Herculis and 7 Virgmis notwith 
standing the difference of their spectral types, are about on a 
par m this respect each couple shining with five times the 
standard lustre , while 7 0 Ophiuchi and tj Cassiopeise main- 
tain the similarity of their general character by their agree 
ment in possessmg a surface brightness only one third that 
of f TJrsse The only lule governing these diversities is that, 
on the whole Sixian stars are much more lustrous propor- 
tionately to their masses than solar Corresponding data 
regarding stars with banded spectia would be especially 
valuable , but are unattainable since objects of the kind axe 
usually immobile or inordinately slow m circulation 

The most striking general peculiarity of binary orbits is 
their high eccentricity Nearly all of them are greatly more 
oval than the planetary paths round the sun, and a large 
proportion approach to cometary shape In the ^‘mean 
stellar ellipse the focus of revolution is situated just half- 

^ Proc Roy Ir%sh Acad vol i 'No 4 3rd series 
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way between the centre and one of its extiemities The stars 
are accordingly separated at apastron by four times then pen 
astron distance The average eccentricity among the double 
stars Dr See writes ^ is more than twelve times that found 
in the planetary system, and this extraordinary result is 
manifestly the expression of a fundamental law of nature 
Indeed an improved star orbit is commonly more elongated 
than the one it replaces Professor Hussey, for instance m 
recalculating the elements of B Equulei found it necessary 
to triple the previously assigned eccentricity 

The circulation of binary stars is indifferently retrograde 
or direct No tendency is perceptible towards concordance 
regarding the direction in which their tracks aie pursued 
Nor do they affect a common plane They lie at all possible 
angles towards the Milky Way and seem wholly exempt from 
its influence The existence of a fundamental plane of 
movement would be of high significance as regards the history 
and relations of the sidereal world, ;yet the whole diift of 
modern research suggests rather than the close and rigid 
union between its parts which it would indicate, a loose con 
nection destined to be extensively modified by time 

^ JSvolution of the Stellar Systems p 251 
Ibd p 218 An analogous conclusion had "been somewhat earlier reached 
hy Miss Alice hventt 
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GHAPTEE XIII 

VARIABLE DOUBLE STABS 

The light-changes of donhle stars are commonly of a fitful 
and indecisive kind They may affect one or both members 
of stationary pairs , but visibly revolving stirs as a rule, 
conspire to vary if they vary at all The alternating fluc- 
tuations of 7 Virgmis discoveiable only by close attention 
to the swaying balance of lustre between the components aie 
in this respect typical Each may be described as normally 
of the third magnitude and each in turn declines by about 
half a magnitude and recovers within a lew dxys, yet so that 
the general preponderance during x cycle of several years re 
mains to the same star The existence of this double pcrio 
dicity was recognised in 1851 by M Otto Struve who, how 
ever despaired of mvestigating it with success m a latitude 
where the stars subject to it never rise more than 3 0® above 
the horizon^ Nor has anything more definite been since 
learned on the subject Instability still persists It is nude 
evident by fre(][uent inversions ol the position -angle accord 
ing as one or the other component taken to be superior in 
brightness, is chosen as the origin of measurement , ^ but no 
trace of regularity is apparent in these inversions 

The pair circulates in the most eccentric of ascertained 
stellai orbits (see Fig 24) The ellipse traversed by y Viigmis 
in 194 years is in fact, proportionately somewhat nai lower 
than the path round the sun of Enckes comet, so that the 
stars will in 1934 be separated by at least thirty times the 
sky interval between them in 1836 when they merged into 

^ Ohservahons de Foulkowco t I’s: p 122 
^ Gore Knowledge vol Txn p 201 
178 
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a single telescopic object A spectrum of late Sirian pattern 
IS combined with a perceptible tmge of yellow in then light 

Eeldtive variability is in 44 Bootis still more marked than 
in 7 Virgmis But here a fundamental disparity between the 
components is seldom and temporarily abolished Noted by 
Herschel as considerably unequal in 1781 they appeared to 
him perfectly matched in 1787 And it is worth noting that 
they had in the interim passed periastron Struve observed 
June 16 1819 a difference between them of two magnitudes 
which had sunk to half a magmtude in 1833 Argelandei 
found them precisely equal June 6 1830 , Dawes perceived, 
April 27 1841 a slight advantage on the side of the usually 
smaller star, while the superiority of its companion was recorded 
by M Dun^r at Lund as ranging during the years 1869 to 
1875, from 0 4 to 13 magnitudes^ Since their changes 
often simultaneous, are not always in the same direction their 
combined variability has never been conspicuous the brighten 
ing of one tending on the whole to neutralise the fading of 
the other The stars of 44 Bootis according to Doberck s 
elements traverse a highly eccentric orbit in a period of 261 
years Their tints varying fiom yellow and sky-blue to 
white and dull grey cannot be without influence upon their 
photographic magnitudes determined at Pans in 1886 to be 
5 3 and 6 Their joint light though of the same spectroscopic 
quality has then only one twelfth the intensity of that of 7 
Virginis 

The component stars of ^ Bootis when photometrically 
measured at Harvard College in 1883 were of 4 4 and 4 8 
magnitudes but the order of their brightness has been at 
least three times reversed during a century of observation ^ 
Their period of revolution must be of prodigious length 
From 1796 to 1841 they appeared fixed, then a very slow 
wheeling movement became perceptible, accompanied by a 
diminution of distance and it now taxes the powers of the 
best telescopes to divide them ^ Their spectrum is of the 
Sinan type 

^ fund Ohsermtions 3876 p 74 

^ Earmnl Annals vol xiy p 458 Ohsermtions de JPonlhowa t i\ p 
143 Dundr Mtsures MicromUiiqnos p 68 

® Crosbley Eandhool of Double Stais p 299 Tarrant Journ Liwi^ool 
Astr Society vol v p 77 
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An analogous object is a Piscium made up of a fourth and 
a fifth magnitude star at 3" distance and revolving in a period 
unlikely to be much less than two thousand years The 
larger certainly varies in light and perhaps also in colour 
the smaller certainly in colour and perhaps also in light ^ 

An observation made by Mr Tebbutt in New South Wales 
August 22; 1887 gave a unique proof of the relative varia- 
bility of a close double star in Virgo (OS 256) At its occulta- 
tion by the moon on that night the chief part of the light 
went out with the disappearance of the reputed lesser star 
the component which had of late passed for its primary 
remaining still for a few moments separately but dimly 
visible^ Similar but less marked reversals had already been 
noticed by 0 Struve and Dembowsla in this slowly circulat- 
ing pair ^ 

Dr Anderson has alleged convincing pioofs that Q Eridani 
now of the thud magnitude was assigned first rank by Ptolemy 
and A1 Slifi ^ The star is a fine pair just peiceptibly revolv- 
ing but there is nothing to tell which component has 
suffered most from the ebb of light since the tenth century 
or whether it has affected both equally The kind of varia- 
bility most distinctive of double stars might be described as 
a tilting of the luminous balance now in one direction now 
in the opposite according to no settled law It is exemplified 
according to M Flammarion in 7 Arietis , it is 01 has been 
also present in 9 Serpentis 3 8 G-emmorum tt Bootis e Arietis 
and many other couples most if not all of which give spectra 
of the Sirian type Their agreement in the possession of this 
particulai quality of light is the more remarkable from its 
being the badge in solitary stars of exceptional stability 
Every ‘ white star so far known to be variable has proved 
also to be compound, and those of the Algol class are so fai 
from making an exception to this lule that they lank with 
the swiftest of possibly existing binaries 

Among the very few helium stars which have had 
periods of light change assigned to them are B Ononis and 

^ Sarmrd Annals vols xi p 112 xiv p 433 Flammanon Catalogue 
P 12 

2 Ohs&rmtory vol x p 391 Ols d& PoulJcowa t ix p 327 

* Knowledge vol xvi p 124 Innes Meference Cat p 20 A 
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S Monoceiotis, and in each case on dubious grounds The 
first IS widely double , the second is the leading member of a 
straggling clustei and was thought by Winnecke in 1867 
to change from 4 9 to 5 4 magnitude in 3^^ 10^ 38“ It 
has two close attendants both probably fixed The system 
has no appreciable propei motion Both 8 Ononis and 

5 Monocerotis are now known to be spectroscopic binaries 
The first was detected as such by M Deslandres the second by 
l^rofessors Erost and Adams 

Y Virginis combines the display of a first type spectrum 
with liability to considerable though intermittent variations 
in light ^ Struck by its peculiar brilliancy June 6 1866 
Schmidt investigated its history from the tenth century down- 
ward and concluded it to fluctuate irregularly from the fifth 
to the eighth magnitude The anomaly of such changes in 
a Sirian star was brought more into harmony with other 
examples by Burnhams division of it at Chicago in 1879 
into two nearly equal components less than half a second 
(0^'47) apart ^ His subsequent observations have given no 
satisfactory evidence of alteration either in biightness oi 
position during twenty years® This singularly interesting 
system should not be neglected by the possessors of great 
telescopes 

The vaiiations of XJ Puppis in fourteen days from 6 to 

6 8 magnitude detected by Mr Espin in 1883^ derive added 
interest from the strong probability that they integrate the 
changes of two close components The star is the chief 
member of one of Struves wide fixed couples (S 1097), after 
being '^elongated'' by Dembowski in 1865 it was fully 
lesolved by Burnham in 1875 into an unequal pair at an 
interval of 0^'80 No symptoms of orbital movement have 
IS yet been derived from it and those of luminous in 
stability seem suppressed The case recalls the effaced 
periodicity of S Monocerotis and is in a measure, typical 
The spectrum is of the solar type 

A corresponding long period stai is tj Geminorum, per 

^ Jstr Nach No 1597 Emmrd Annals vol \iy p 456 Gore Know 
ledgfe vol xni p 204 

^ Ohsermtory vol in p 192 ^ Gen Cat p 126 

* Monthly Notices vol \lvii p 432 
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ceived by Mr Burnham during a visit to Mount Hamilton in 
1881 to form a splendid uneq[ual pair likely to prove an 
interesting system ^ Its revolutions shown by remeasure 
ments in 1897 to be in slow progress^ will deserve the more 
attention that they are the first attributed to an Antarian 
star As a variable rj Geminorum may be described as an 
abortive specimen of the Mira class Its phases run through 
in a period of 229 days are always ill marked and at times 
almost wholly suspended The share of the companion m 
bringing about these arrests of change has yet to be de- 
termined Indeed the more potent influence may belong to 
a second closer attendant apparent only through motion-shifts 
in the spectrum of the variable detected by Professor Campbell 
in 1902 Should it prove to levolve in 229 days the fact will 
be of great importance to the theoiy of long period variability 
The short period variable 8 Cephei governs a somewhat 
similarly constructed system , but its sea blue satelhte is 
remote and appears stationary The primary of the chro- 
matic pair, yS Cygni too is undeniably variable though its 
variations are of an elusive kind It shifts quite capriciously 
on the hght scale from 3 3 to 3 9 magnitude , ® and recovers 
by the same impeiceptible gradations that it lost brightness 
The fluctuations long imputed to the companion of 8 Cygni * 
are probably of atmospheric cieation® The object at all 
times difficult and delicate is readily obliterated by aii- 
troubles, the more readily perhaps because of its variability 
in colour Struve found it of an ashen shade from 1826 to 
1833, m 1836 of a bright red** It has since generally 
appeared blue , but Dundr saw it once olive at other times 
red, and intervals of greyness are on record Ho orbit yet 
computed for this pair inspires much confidence, Mr G-oies 
with a period of 377 yeais, is doubtless the best derivable 
from msufficient materials 

The presumption of sympathy in light change between 
intimately united stars although recommended by appearances 

^ Monthly N'oUc^s vol xlvii p 204 Astr hach Ko 2930 
2 Gen Cat p 76 
® Klein Astr Nach Ko 16b^ 

^ Herscliel and SoTith P'h%l Trans vols cyiv p 339 cxvi p 376 
® Dun6r Mism es M^erometriqnes p 118 
® Coloi comitis egregius Mens Microm p 297 
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has not yet been strictly tested , but the converse pioposition 
that agieement m light change implies physical connection is 
of all but self evident truth Two variables in Cygnus ^ for 
example situated 24" apait may safely be assumed to eon 
stitute a system their ruddy and ccerulean tints being a 
confirmatory circumstance A still more striking combination 
IS presented by U Cassiopeiae and a blue companion at 59" 
with which its strong red glow at times contrasts splendidly 
The principal star fluctuates irregularly from the sixth to 
below the ninth magnitude , the attendant from the eighth 
to the tenth The probability of their being united by a 
special tie is overwhelming Accordant variability of a 
conspicuous kind is an argument for its existence to the full 
as convincing as the possession of a common proper motion 

The crimson tint of U Cygm discovered by Mr Knott in 
1871 to vary from above the eighth to below the eleventh 
magnitude in a period of 466 days was described by W*ebb as 
one of the loveliest in the sky It is set off by the blue 
rays of a companion at 6" which seems to fluctuate in 
colour but little if at all in light Their azure is, however 
no mere optical effect of contrast since (though capable of 
fading independently)^ it survives without alteration the 
telescopic extinction of the adjacent red luminary U Cygni 
IS the only star belonging to the fourth spectral order open to 
a suspicion of being in systemic coimection with a neighbour 

A good many variables have satellites as to which no such 
suspicion arises Thus the ninth magnitude star within 46" 
of the beautiful ' carmine tinted object S Ononis is undis 
tinguished either by colour or change and they hence very 
likely form only a perspective couple The same inference 
apphes to three small stars contiguous respectively lo 
R Cassiopeise R Orateris and Mira Ceti detachment through 
the proper motion of the variable being in the last case 
visibly in progress 

The light changes of connected stars indicate duplicity as 
one of the causes tending to produce fluctuations of a certain 
ill -pronounced type For we can safely assert from the 

1 Ji 1470=Lalan(ao 38428 

2 Bimingliam Trans T Irish Acad Yol xxvi p 300 Gemmill English 
Mechanic vol xlvi p 340 
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character of their spectra that most of the objects exhibiting 
them would shine steadily if single This relation is lendered 
the more significant through the possibility first obscurely 
brought into view by Sir Herman Lockyers meteoritic theory, 
that variability of every kind depends for its production 
upon external action by closely circulating and to us invisible 
bodies A test too may be furnished by fluctuating couples 
to the opinion that luminous instability belongs to a late 
stage of stellar existence The contemporaneous origin and 
similar constitution of members of binary systems are indi 
cated to our minds as highly probable If this be so 
development should, according to the received opinion pro 
ceed other things being equal quickest in the smallest 
masses more slowly in the larger^ Hence if it were true 
that variability accompanied decline companion stars should, 
one might suppose be far more unstable in light than their 
primaries But this anticipation is far from being realised 
Variable primaries are more frequently met with than vari- 
able satellites It is scarcely indeed too much to say that 
in every undoubted case of variability in one membei only of 
a pair the member it distinguishes is the principal star 
Hor even if we were sure that the pace of evolution in 
star systems is prescribed by mass, would it be safe to 
conclude anything as to its distribution from observed differ 
ences of brilhancy Mass and luminosity are not comparable 
Predominance in light as we have learned from repeated 
experience, is no valid argument for predominance in quan 
tity of matter This circumstance adds both difficulty and 
interest to the far reaching question of the origin history 
and mutual relations of conjoined stars 

^ I ockyer Proc. Society vol \liv p 90 
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SPECTEO&COPIC BINARIES 

The spectroscopic method of determining velocity has already 
been frequently referred to in these pages We may now 
briefly explain the principle upon which it rests This is 
easy to appiehend but extremely dificult to apply Christian 
Doppler of Prague pointed out in 1842 that the motion of a 
luminous source towards or fiom the eye or of the eye 
towards or from a luminous source must alter the refrangi 
bility of the incident light It must dimmish it if the 
relative movement be of withdrawal, it must augment it if 
it be ot advance For refrangibility depends upon wave 
length and wave length is the reciprocal of wave-frequency 
In other woids the more vibrations are pxessed into a given 
space the shoitei they necessarily are and the more re 
frangible the ray they conspire to form But clearly, the 
light waves emitted by a body travelling towards us arrive in 
quicker succession than if it were at rest , they are shortened 
m the propoition of the rate of travel of the luminous object 
to the velocity of the propagation of light, and being 
shortened, they aie rendered %pBo facto, more refrangible 
An opposite effect is produced by receding movement The 
light waves from a retreating body are lengthened , there are 
fewer of them in an inch or a mile , and they are accordingly 
icndered less refrangible 

All this was fairly obvious , but it seemed questionable 
whether any practical outcome could be derived from the 
recognition of its abstract truth The doubt was removed 
when Hippolyte Fizeau showed m 1848 the feasibility of 
using spectral lines as standards of reference for measuring 

1S6 
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the changes of refrangibilitj due to end on motion The 
rays bright or dark, included in the spectrum of the travel 
ling object naturally shift with the whole of its light gamut 
By juxtaposition accordingly with corresponding rays other 
wise derived and of course in their normal places the 
amount of their shiftmgs becomes known and hence the 
direction and rate of the movement producing them Even 
then twenty years had to elapse before Sir William 
Huggins made his pioneering experiments on the radial 
velocities of the stars, and twenty years fuithei before the 
method was perfected by the adaptation to it, through 
Dr Vogels initiative of the camera 

The effects of motion on stellar spectra are illustrated in 
Plate X which reproduces by Sir David Gills kind per 
mission one of the admirable spectrograms taken with the 
McClean telescope by his assistant Mr Lunt The rays 
analysed were those of a Phoenicis a star of solar type which 
retreats from the sun at the rate of 82 kilometies per 
second or nearly thrice as fast as the earth circulates in its 

orbit Let us consider how this is learned from the photo 

graph Five strips of dispersed blue light are included in it 
A section of the solar spectrum is shown in two of them , 
the same part of the spectrum of the star adjusted to precise 
correspondence with the solar prototype, appeals in the 
fourth strip from the top The dark lines are in both 

almost identical, and that many of them claim an origin 

from iron vapour, can be seen by a glance at the iron spark 
compaiison spectrum in which the rays obscure in the sun 
and star shine by direct emission Now the iron-spectrum is 
given twice in the second and in the fifth or lowest strips, 
and there is a conspicuous diffeience between the present 
ments of it One is strongly displaced relatively to the 
other This displacement measures the motion shift in the 
spectrum of the stai The iron lines below are fiducial , they 
were photographed with the star and served to determine its 
receding speed The hnes above were photographed with the 
sun and being designed purely for purposes of identification 
are arranged to coincidence with the star-lines The glaring 
nature of the discrepancy between the adjusted and the 
non adjusted iron spectrum enables us to lealise the possi 
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bility of appreciating by similar means alterations of wave- 
length due to velocities of no more than one or two kilometres 
a second 

Solitary stars, like our own travel uniformly Their rate 
of kanspoit does not vary sensibly from month to month 
from year to year, perhaps from century to century But 
vith binary stais the case is different Besides the constant 
vdocity belonging to the system as a whole they circulate 
round their common centie of gravity , and the direction of 
their orbital movement as regards the earth is continually 
changing Take, for instance a pair revolving in the visual 
plane At some given moment then total speed of revolution 
will lie across the line of sight It will then be spectro 
scopically ineffective , the rays characteristic of its light will 
be in their standard places, no shifts will be perceptible 
But when a quarter of a ciicuit from the points of con 
junction has been described, and the stars are at the opposite 
nodes of then orbit the dnection of movement having 
turned through a right angle will be straight end on Hence 
the spectral lines of the components will show contrary dis 
plieemeuts conesponding to the entire velocity of their 
inutuil circling Two good spectrograms accordingly taken 
at the critical instants of conjunction and elongation suf&ce 
at least theoretically both for the elimination of translatory 
speed and for the determination of the actual rate of 
revolution, and this, when the period is known gives the 
si/e of the orbit in miles or kilometres Evidently, spectro 
scopic measures at such times of visual pairs with securely 
computed elements would make us acquainted with their 
distance from the earth and joint gravitating power — 
even if their paths were inclined, at a considerable though 
a known angle The success of such investigations it is 
tiue, long seemed remote, but it has now been achieved 
Eiofcssor Hussey in 1903 determined for S Equulei a 
si)ectroscopic parallax which inspires no small confidence ^ 
And still more recently Dr Palmer of the Lick Observatory 
his computed from the radial velocities of a Centaun a 
vilue loi its parallax in all hut exact agreement with that 
dciivod from the most skilful heliometnc obseivations ^ Eew 
A BuUehn ISTo 32 see ante p 168 Ibid l^o 60 
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telescopic binaries, howevei are circumstanced favourably 
enough to invite the application of the method The con 
ditions propitious to it are rapid motion in a plane not much 
inclmed to the sight line and considerable brilliancy in both 
the moving objects Pairs that are easily divided rarely 
circulate quickly enough for the discrimination of differences 
in their radial velocities, and the most rapidly circulating 
pairs are those most apt to defy visual separation The 
spectroscope in fact finds its opportunities just where the 
telescope encounters baffling difficulties, and this reciprocal 
relation while it has helped to give almost indefinite ex 
tension to our acquaintance with stellar systems restricts 
opportunities for combining the methods so as to connect 
the angular measures furnished by one with the linear orbital 
dimensions obtained by the use of the other 

Stars revolving in oi very near the visual plane must 
undergo at any rate partial eclipses They are comparatively 
few , the great majority move in paths sensibly though 
variously inclmed to it But as the tilt inci eases the pro 
portion of the velocity available for spectioscopic measure 
ment because directed radially, obviously diminishes Wholly 
inaccessible to it in fact aie such couples — md they may be 
very numerous — as circulate approximately at right angles to 
the line of sight For those with orbits intermediately 
situated the apparent oi measured radial velocity divided by 
the cosine of the angle of deviation from hori/ontality gives 
the actual radial velocity If for instance the inclination 
amounted to 60 only half the speed of revolution would tell 
in hne displacements An average value for it of about 
30 IS regarded as probable,^ and this would give 100 
to 115 as the proportion of the observed to the true rates of 
circulatory motion But estimates of the kind serve only to 
mislead if applied to individual systems The safer course is 
to admit that in the absence of occultation phases we can 
secure only minimum values for the velocities distances 
apart and masses of binaries spectroscopically detected and 
observed 

They are extraordinarily numerous Professor Campbell 
showed in 1902^ the probability that among the entire 

^ Barr Astrojph Journ vol xi p 248 I ich BioUetzn No 20 
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multitude of stars one in six oi seven is so constituted , and 
Professor Frost added wonder to wonder hj the statement 
that helium stars in particular yield so large a harvest of 
binaries that the chances are nearly even whethei a given 
object of the Lind will resist or surrender to the resolving 
powers of the spectroscope^ One of the most curious facts 
about close star pans is the prevalence of extreme inequalities 
of lustie between their components In very many one is 
brilliantly luminous the other so far obscure that no spectro 
graphic impression can be derived from it Some satelhtes 
again shine dimly , traces more or less pronounced of their 
action on the sensitive plate are perceptible , while finally 
twin stars are occasionally met with scarcely distinguishable 
by quantity or quality of light To this category belong f 
Ursae Majoris and y3 Aurig'B the former detected by Professor 
Pickering in 1889 the latter shortly afterwards by Miss 
Maury In both the spectral lines are periodically photo 
graphed as doublets when the components of each pair at 
their elongations are travelhng full speed ahead and aback 
respectively towards and away from the earth The separa 
tion of the lines thus corresponds (allowance having been 
made for the constant velocity of the system as a whole) to 
twice the rate of circulation diminished as we have ex 
plained in proportion to the inclination of the path traversed 
Twice in the couise of each revolution stars of the kind we 
are now considering exhibit the phenomenon of doubled lines , 
at the intermediate epochs of conjunction, they give a single 
spectrum By timing these alternations a period of twenty 
days has been deduced for f Ursse one of four days for /3 
Auriga Miss Maury s binary accordingly changes its 
spectral aspect from day to day, and the indicated relative 
velocity of 160 miles a second shows it to possess at least five 
times the massiveness of oui sun^ 

A magnificent system of this type but in comparatively 
slow circulation is foimed by Capella^ The light of a purely 
solar star and of a companion somewhat less bright and some 

^ Frost and Adams Astroph Jomn vol xviii p 383 

2 Vogel Sit ungsberichte Berlin March 10 1904: 

Campbell LicJc Bulletin No 6 Astroph Journ vol x p 177 Newall 
Monthly Notices vol lx p 4=18 
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what less massiTe of the Procyon variety are combined in 
this object, and they mutually revolve in 104 days at the 
apparent or minimum rate of about seventy miles a second 
The parallax of Capella though small is assuied , it gives a 
distance of forty light years whence we can infei that the joint 
lustre of the components exceeds more than a hundredfold the 
splendour of the sun 

Couples consisting of two bright members are much easier 
of detection than those of which one is obscure Duplicated 
rays in a stellar spectrum attract attention even on a crowded 
plate exposed with an objective piism in a manner to secuie 
wholesale records , but the oscillations of smgle hnes require 
the aid of a sht and a comparison spectrum to make them 
evident They evade notice unless the stars aie separately 
studied Yet, despite observational difhculties, about 75 per 
cent of the spectroscopic binaries (to the numbei of nearly 
130) known at the end of 1904 have sensibly obscure com 
pamons The first non eclipsing star recognised as double by 
the mere swmging to and fro of solitary hnes was Spica 
(a Virg inia ) Dr Vogel thus determined in 1890 its revolu 
tion in four days round an attendant later shown to be very 
feebly lummous Both members of the stately visual pair, 
Castor on the other hand circulate swiftly round bodies giving 
no sensible light The quaternary system thus formed is of 
unique interest Dr Curtis^ the discoverer of one of the 
dark attendant stars (the other was found by Belopolsky in 
1896) has determined for it — provisionally assummg the 
correctness of Doberck s elements — a spectroscopic parallax of 
0^^ 0 6 corresponding to a light journey of 65 years, and 
implying a total mass for the four constituent globes nearly 
thirteen times that of the sun But it seems to be veiy 
unequally apportioned One of the revolving pairs exerts thrice 
the attractive power of its companion while emitting only half 
as much light The gravitational primary is the visual satellite 
and nee versd Only through the association of telescopic with 
spectroscopic measures, practicable by a rare exception for 
Castor can inferences regarding the mass of bright and dark 
pairs become legitimate IS'othmg definite can under ordinary 
cucumstances, be affirmed on the subject For one com 
^ Liclc Bulletin No 70 



SPECTEOSCOPIC BmAEIES 


191 


ponent being invisible the size of their relative orbit remains 
absolutely undetermined , and the size of the relative orbit is 
% datum essential for computing the mass of the system, or 
even a minimum value for the mass which in our ignorance 
as to the lie of the orbit is the utmost we could hope to 
arrive at The relative orbit as already explained is the 
sum of the separate orbits , or putting it otherwise the path 
described by one star round a companion taken to be at rest 
From its span in conjunction with the period, the mass 
of the pair is deducible There is no means of learning it 
without knowledge of these two elements The masses of 
bright and dark pairs can then as a rule only be guessed 
at with the unwarranted help of arbitrary hypotheses That 
of Spica, for instance has been estimated at 2 6 times the 
solar mass , but the value has only the authority of a plausible 
conjecture 

From the measured movements of stars with shining com 
panions as already explained, the least possible amount of 
matter present in each system maybe learned The orbit spectro 
scopically determined being the foreshortened representation 
of the orbit actually traversed is smaller in an unknown 
degree , and the mass of the moving bodies varies as the cube 
of the orbital radius The error of mass determinations hence 
grows in a triphc ite ratio to the error of the linear dimensions 
directly obtainable Minimum values nevertheless are better 
than none at all , they fix a limit of great importance , and 
for one species of crypto double stars they may almost count 
as absolute values These are eclipsing pairs in which both 
components are bright Y Cygni is a favourable example 
The opposite movements in its system may be spectroscopically 
elicited 5 the size of the relative orbit will thereby be given , and 
since its plane is fixed by the occurrence of a twofold echpse 
the joint mass of the components can be ascertained without 
dubious assumptions Several Algol variables appear to be 
similarly constituted, but their investigation awaits the 
leisure of overtasked spectrogiaphers 

Few compound objects are more inviting to research than 
stars variable in short periods though not through eclipses 
Six have already been detected as spectroscopic binaiies, and 
the resolution of all may be regarded as depending merely 
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upon time and facility The extieme inteiest of the questions 
connected with them is exemplified in t G-emmorum the 
radial velocity of which was found hy Professor Camphell to 
he subject to a double periodicity due he surmised, to the 
influence of a second daik satellite , ^ yet the stable construc- 
tion of a triple system on the indicated conditions seems 
a hopeless task Again k Pavonis vanes from 3 8 to 
5 2 magnitude in a mean peiiod of nine days affected 
according to Mi Roberts s observations^ by an inequality 
amounting to ten hours comprised m a cycle of eight yeais 
The duplicity of the star was ascertained by Dr Palmer in 
1904,^ and before long an answer may be furnished to the 
critical inquiry whether the disturbance of the light j)eriod 
IS reflected oi perhaps originated by a disturbance of the 
gravitational period 

Nor IS it short period variables alone which yield to the 
motion test The division of stars that fluctuate irregularly 
or m long periods is of not infrequent occurrence Such is 
77 Gemmorum one of Burnhams unequal pairs raised to i 
higher plane of complexity by the addition of Campbells 
spectroscopic attendant ^ 

A peiiod of about forty days is partially conformed to by 
the ehb and flow of luminosity m u Herculis a helium siai 
visible even at its dimmest stages to the naked eye Detected 
as binary by Mr Adams ^ at the Yerkes Obseivatoiy, it revolves 
round a seemingly dark companion at a high speed but in a 
period which has still to be ascertained The investigation 
of the system constituted by e Aurigoe is also incipient 
Dr Vogels resolution of this object in 1902 into a bright 
unequal pair with a relative velocity in the line of sight of 
nearly twenty-five miles a second, will be xn the minds of our 
readeib^ Now e Aurigse has during the greater part of a 
century been remarked for slight phases of light-change held 
to be quite capricious in their occurrence Should Dr 
Ludendorff s regularisation of them be verified by future 
observations their twenty seven year period will rank as by 

^ AstropJi Journ vol siii p 90 

^ He does not place implicit confidence m them Astr Joum Ho 663 
® jAck Bulletin Ho 60 ^ Ibid HTo 20 

’’ Astroph Journ yoL x\ii p 281 ® See ante p 105 
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far the longest that can be ascribed to any form of stellar 
light change And it will be of great importance to correlate 
"With it if possible, the stars period of orbital revolution 
There is perhaps, no object in the heavens of more pregnant 
interest than this variable spectroscopic binary 





CHAPTER XV 

MULTIPLE STAES 

The further resolvahility of a great many double stars is 
one of the most curious results of modern improvements m 
the optical means of observing them With every addition 
to the defining power of telescopes the visible complexity 
of stellar systems has increased so rapidly as to inspire a 
suspicion that simple binary combinations may be an excep- 
tion rather than the rule The frequency with which those 
taken to be such have yielded to disintegrating scrutiny 
suggests at any rate some innate tendency, indicating that 
the duplicity of stars is no accident of nebular condensa- 
tion, but belongs essentially to the primitive design of 
their organisation Although we can never become fully 

acquainted with all the detailed arrangements of stellar 
systems we are then led to suppose them far more elaborate 
and varied than appears at first sight Each we cannot 
doubt is adapted by exquisite contrivances to its special end, 
reflecting in its untold harmonies of adjustment, the Supreme 
Wisdom from which they emanate 

The continuance of the process of optical dissociation, begun 
by the splitting up of an apparently simple star sometimes 
shows the primary sometimes the satellite not unfrequently 
both primary and satellite to be very closely double Ternary 
systems aie accordingly of two kinds In one, the smaller 
star consists of two in mutual cnculation and concurrent 
revolution round a single governing body, m the other, an 
intimately conjoined pair guides the movements of an un- 
attended attendant The planetary type of constiuction is 
uncommon or unknown Xo star has been ascertmned to 
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possess two or more companions circulating co-ordinately 
Groups possibly indicating such a disposition of parts exist 
but perspective may have a share in producmg them The 
vaiiable S Monocerotis with its two client-stars, is an example 
Another is mentioned by Ur See Four extremely faint com- 
panions at distances between T' and 39 ^^ from a sixth- 
magnitude star in the Poop of Argo (Cord G C 10534), 
have been detected by him and his predecessors The group 
IS thus commented on by him — Quintuple ’ Probably a 
complicated physical system , the only stellar system I know 
of constructed on a plan in any way analogous to that of the 
planets ^ There is, however at present no proof that the 
arrangement may not result, at least in part from the chances 
of perspective juxtaposition 

Among the most interestmg triple stars of the double- 
satellite desciiption is the brilliantly coloured 7 Andromedse 
The original components of third and fifth magnitudes 10 " 
apart remain statu quo since they were seen by Father 
Mayer in 1777 but their secular journey together over an 
arc of 10 " establishes the genuineness of their relationship 
In 1842 the sea-green companion was found to be itself double 
With the 15 inch Pulkowa refractor Otto Struve caught 
sight of a thin black line (representing probably a gap of 
some thousands of millions of miles) dividing it into two stars, 
the fainter of about sixth magnitude which withm fifty five 
years completed a revolution in an orbit not much less eccentric 
than that of 7 Virgmis ^ 

A pair in some respects similar but much fainter is 
attached at about the same apparent interval to the lustrous 
white star Eigel An excessively difficult object at the time 
of its detection it later became impossible Its elongation 
suspected both by Burnham and Herbert Sadler m 1871^ was 
verified at Chicago and Mount Hamilton in 1878-79 Then 
for nearly twenty years no sign of duplicity could be elicited 
from it^ Change under the circumstances seemed much 
more probable than eiior , and its rapid progress was indicated 
by Professor Aitken s reobservation of the sapphire attendant 

^ Astr Journ ISTo 431 

2 W S Hussey FuU L'bck Observatory vol v p 45 

3 Asti Jtegz^steri vol xvui p 15 ^ Buinliam Gfen Oat p 59 
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upon Eigel^ as palpably double in 1898 Heveitlieless 
aftei two years the evasive satellite was again undiscermble ® 
ihe riddle of its existence may be finally solved by the aid ot 
a spectrographic apparatus of great light collecting power 

A ternary group, corresponding to these two in plan but 
greatly enlarged in angular scale consists of a 4 5 magnitude 
star designated by Flimsteed 40 by Bayei o' Eridani with a 
fein t and far away double satellite already referred to® all 
three discovered by Herschel m 1783 The association of the 
pair with the large star at so great an iiiteival as 82 would be 
improbable were it not certified by then possession in common 
of an exceptionally swift proper motion An advance during 
the last century over a space nearly equal to a quarter of the 
moon s diameter has modified their relations only by a tiifling 
approach to then primary of the dependent stars, due perhaps 
to slow circulation round it m an orbit presented edgewise 
to our sight 

They have, in the meantime, ahnost finished a circuit ot 
one another and will have completely finished it within about 
180 years from the date of their detection* And since then 
distance from the earth has been measured the real size of 
their orbit and their joint mass are also known We find then 
that the average interval between them is thirty eight times 
that separating the earth from the sun so that (their path 
being only moderately eccentric) they never approach as near 
to each other as Neptune does to our central oib, which they 
together surpass 1 6 times in gravitative power But in their 
place from which hght reaches us in twenty years the sun 
would shine as a fourth magnitude star, while they combine 
into one of only ninth magnitude Their feeble luminosity 
thus once more forces itself upon oui attention and compels 
us to reflect upon the possibihty of whole systems existing in un- 
impaired mechanical perfection, but wrapped in perennial dark- 
ness For what purpose existmg who can tell * The flight 
of our thoughts is short and the ultimate aims of the Maker 
are remote Attempts to compass them are foredoomed to 
failure 


^ Poj) Astr December 1898 p 686 
^ Lich Bulletin No 11 ^ See ante p 84 

^ Biirnbam Monthly Notices vol liii p 478 
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Double primaries occur as freely as double satellites , and 
their common centre of gravity presumably constitutes the 
focus of attraction foi their remote attendants Castor 
splendidly illustrates this plan of construction carried out on a 
vast scale in its system which includes five members , the 
lucid components, a far off captive star borne in their train 
and the obscure adjacent masses disclosed only by their 
spectroscopic effects Another specimen is € Equulei, one 
of Herschels pairs the larger member of which was again 
divided by Stiuve in 1835 The feat had become possible 
through the progress of orbital motion, the continuance of 
which has since rendered it easy Signs of circulation in 
the 7 5 magnitude star at 1 1 " ^ are scarcely if at all 
perceptible Yet it is an undoubted satellite of the close 
couple 

The movements of the third star (of 7 1 magnitude) in 
the ternary combination ^ Scorpii seem to pi ogress in an 
opposite direction from that of the close double star which 
controls them at an apparent distance of 7^' , but their nature 
and method are still imperfectly developed The primary in 
this system consists of two fifth magnitude stars formerly just 
separable with a good 4 inch telescope but now only 0 7 
apart The orbit assigned to them by Dr See ^ approximates, 
in an unusual degree, to a circle and is traversed in 104 years 
Their spectrum is of the Sirian type The eighth magnitude 
companion of e Hydrse has described since its discovery by 
Struve in 1825, an arc of over 40° at a distance of 3" Its 
blue tint IS charmingly set off by the warm yellow of the chief 
star, divided by Schiaparelli m 1888 into a difficult pair re 
volving (by Professor Aitken s elements) in less than sixteen 
years Possibly the process of resolution has not reached its 
term, for Dr Curtis measured, in 1900, fluctuations in the 
radial velocity of the leading component They more probably, 
however, depend upon its revolution in the visual orbit ^ TJn 
doubted spectroscopic bmaries nevertheless frequently occupy 
analogous positions Besides the systems of ^ XJrsae Majoris 
and 7 ) Geminorum, those of | TJrsse yS Scorpii and k Pegasi 
are thus composed As a wide pair k Pegasi was noted by 

^ Flammanon Ccbtalogue p 139 ^ Stellccr Systems p 1/8 

3 LicL BulUUn Kos 4 36 
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Herschel in 1786 Tke question is still open whethei his 
eleyenth magnitude companion has any physical connection 
with the nuclear group This consists of a fairly equal pair 
recognised by Burnham in 1880^ and found to revolve in 
114 years, together with an unseen companion to one of 
them detected by Campbell in 1900 and completing its 
circuits in about six days^ 

The relations of the stars compounded in /3 Scorpii are no 
less remarkable Two of respectively third and sixth magni 
tudes were first observed by Herschel in 1779 , the third 
discovered by Burnham a century later makes with the 
primary an extraordinarily difficult unequal pair at 0^'96^ 
A fourth has been spectrographically measured by Mr Adams ^ 
It IS a lustrous object with a helium spectrum and revolves 
at high speed m a period estimated at 6^ 21^^ No visible 
relahve movements have yet been perceived in the system of 
l3 Scorpn which nevertheless asserts its organic unity by the 
harmony of its advance through space 

One of the most curiously interesting of all the stellar 
systems known to us is ternary from an optical, quaternaiy 
from a physical point of view It is composed of one 
obscure and three bright members all in comparatively rapid 
mutual circulation The division of ^ Cancri by Tobias 
Mayer in 1756 mto a fifth and a sixth magnitude star about 
5^' asunder was the piehminary to Herschel s further analysis 
If I do not see extremely ill this morning he wrote on 
November 21 1781 the large star consists of two ^ This 
was the earhest example of the decomposition of a double into 
a triple star The next distmct view of these close objects 
(called for convenience A and B the remoter star C) was ob 
tamed by Sir James South at Passy in 1825 but Struve s 9 inch 
Fraunhofer showed them easily and they have never since been 
lost sight of Eeobservation at once rendered patent their 
swift movement of revolution Before the close of 1840 they 
had by resuming the positions in which they were originally 

^ Creneral Ca^talogue p 234 
® Astroph Jmrn vol xii p 257 
® Monthly Notices toI xl p 100 General Qatalogue p 146 
^ Astroph Journ vol xviii p 69 
® Lowell Observatory Bulletin IsTo 1 
® Crossley Eandbook p 247 
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observed authoritatively declared their period to be not far 
from sixty years And their orbit lies in a plane so nearly 
square to the bne of sight that foreshortening takes httle 
effect upon it and occultations are hence impossible Although 
the ma-iriTTinTn mteival between the stars scarcely exceeds one 
second, and the minimum mterval is no more than 0'^ 2 they 
never close up beyond the dividing powers of first class 
instruments 

But the orbital movements of the couple A B make only 
pait of a complex scheme of displacements This star Sir 
John Herschel remarked in 1826 presents the hitherto 
unique combination of three individuals forming if not a 
system connected by the agency of attractive forces at least 
one in which all the parts are m a state of relative motion ’• 
He added that if leally ternary, its perturbations must 
present “ one of the most intricate problems in physical astron- 
omy j and Professor Newcomb holds it probable that the 
laws of motion in such combinations must in general he 
‘ too complicated to adimt of profitable mathematical mvesti- 
gation ® 

The star C apparently retrogrades round A B at an 
average rate of half a degree a year, indicating (if maintained 
with approximate uniformity) revolution m a period of 600 
or YOO years But this average rate is subject to very 
remarkable irregularities The path tiaced out m the sky 
far from being a smooth curve is looped into a series of 
epicycles, m traversing which the star alternately qmckens and 
slackens or even altogether desists from its advance while 
increasing or dimmishing by proportionate amounts its 
distance from the centre of motion This anomalous 
behaviour detected by M Flammarion m 18 Y3® was both 
detected and mterpreted by Otto Struve in 18Y4 The 
vagaries of the third component of f Cancri proved from his 
investigation to be very far from unmethodical The accelera 
tions which they included were shown to be perfectly com- 
pensated by retardations and to he accompanied unfaihng y 
by expansions outward of the parts of the track where they 

1 Ph%l Trans vol cxyi p 326 
2 Thi Stars B 164 ® Gatalogue p ^9 

4 Gomptes Pendus t Ixxix p 1463 
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occurred, while contractions inward attended slackened move- 
ments An explanation too was hazarded the substantial 
truth of which was attested by M Seeliger s elaborate researches ^ 
It seems then that the star C is merely a satellite to a 
dark body round which it describes, in years a little 
ellipse with a mean radius of one fifth of a second Togethei 
this singular pair circuits, or, more probably is circuited by 
A B the invisible disturbmg body being the most massive of 
the system If this be the case it is also of course, the most 
nearly stationary, and should be regarded as the centre round 
which the lucent trio revolve — an arrangement hinting to us 
that the collocation in the same orb familiar to us in the 
solar domain of the functions of rule and light giving may, 
on occasions be dispensed with An anti Copernican system 
at any rate appears to be to some extent exemplified by 
^ Cancri Here a cool, dark globe clothed possibly with the 
vegetation appropriate to those strange climes, and plentifully 
stocked it may be with living things, is waited on, for the 
■their needs by three vagrant suns the motions of 
which it controls while maintaining the dignity of its own 
comparative rest or rather of its lesser degree of movement 
For the preponderance of this unseen body cannot approach 
that of a sun over its planets , hence its central position is by 
no means undisturbed We must not forget, meantime, that 
its existence is to some extent hypothetical Mr Burnham 
thought it an evanescent creation of accumulated micro 
metrical errors, ^ and Professor Frost m 1904 failed to elicit 
any spectroscopic evidence of the eighteen - year period 
ascribed to the third star® The close pair (according to 
Pickerings calculation) possesses nine times the solar emissive 
power relatively to mass , and all the three visible components 
show spectra of Sirian quality Their real dijSferences of 
magnitude too, seem to be slight although at times 
exaggerated by relative vanabihty The entire group is 


1 Sit^ungshenchte Wien Bd Ixxxm Abth 2 p 1018 Denlcschriften 
Mnmcli Bd xvii Abth 1 1889 Harzer Astr JsTach No 2764 Observatory 
vol XU p 116 

2 Monthly Notices April 1891 November 1892 Astr and Astrophysics vol 
XU p 872 Seeliger ibid vol xm p 802 Astr Nach No 3165 Sitzungsb 
Bayer AJcad Bd xxiv Heft ui 1894 

^ Astroph Journ vol xix p 355 
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transported through space at the rate of 15" a century but 
its distance from the earth is unknown 

A quadruple system of remarkable type is formed 
by ^ Urs<e Majons with three variously related bodies 
Besides its spectroscopic and telescopic attendants the one as 
agile as the other is sedate in its revolutions it claims the 
escort on its indefinite journey onward of the fifth-magnitude 
star Alcor the two making the combination popularly 
designated the Horse and Rider Since the interval 
between them is of 11' 30", they can easily be distinguished 
with the naked eye , nevertheless Alcor totally overlooked by 
the Greeks was regarded as a test object for keen eyesight by 
the Arabs Its gradual brightening is thus strongly sug- 
gested^ The probability that Mizar and Alcor mutually 
revolve is strong but not overwhelming , their connection 
be otherwise explained If they do, their annus magnus 
must be of enormous to our ideas of interminable length 

Real quaternary stars are often self discriminating , their 
arrangement into two adjacent couples asserts physical con 
nection moie strongly than any possible distribution of three 
stars can do And in effect several perspective groups of a 
single star with a genuine pair such as 3 Equulei 86 Pegasi 
7 Tauri, and /3 Delphini, are visibly in course of being dis 
solved by proper motion while no " double double combina 
tion has yet given signs of breaking up 

A representative specimen of the latter class offers itself 
in € Lyrae a star of the fourth magnitude, a little to the 
north east of Vega Exceptionally keen eyes show it as 
double and one of the brilliant surprises provided by the 
heavens for Sir William Herschel was that of finding each 
component further divisible The discovery though beautiful 
and interesting, was easy , all the four stars can be seen with 
a good 3 mch telescope The * preceding pair or that 
which crosses the meridian first, is distinguished as the 
following psi*!^ Lyrse , and Flamsteed attached the 

numbers 4 and 5 to them respectively The former consists 
of a fifth and a sixth magnitude star 3" asunder , the con 
stituent stars of are nearly equal (5 3 and 5 5 magnitudes) 
and are set a little closer together (at 2" 45) Their revolu 
^ Flammarion Catalogue p 75 
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tions too appear to be performed about twice as quickly* as 
those of the neighbouring couple From the shifting of tlieir 
relative situations since 1779 by more than half a right 
angle their period may be estimated at about 800 years, 
while that of Lyrse is hkely to exceed one thousand The 
practicabihty of computing either orbit is still remote 

The small common proper motion (9" a century) of these 
bright couples affords positive evidence of their union into one 
vast system At their unmeasured, perhaps immeasurable 
distance the gap between them of 3^ may well stand for 
a chasm costing light itself some months to bridge , yet the 
stress of their mutual gravity reaches across it compelling 
their circulation in orbits so spacious that a single round of 
them must occupy an era of no insignificant duration even in 
the life of a star The four stars of e Lyiee give a spectrum of 
the first type combined m the leading couple with a decided 
cast of yellow But this is often the case with double stars 
'A miniature of e Lyrae ^ is offered to our regards in 
V Scorpu This is perhaps the most beautiful quadruple 
group in the heavens from the narrow limits within which 
the brilhant objects composing it are crowded As a wide 
double it was noticed by C Mayer in 1776, after seventy 
years the smaller star was divided by Mitchel at Cincinnati 
and the larger one of fourth magnitude yielded similarly, m 
1874 to the insistence of Burnham Both pairs share with 
several neighbouring stars a slow drift through space ^ They 
are 41 ’ apart and have as yet developed no systemic 
movements ® 

The sixth magnitude star 86 Virginis may be said to 
consist of a double primary with a double satellite at 27" 
Full acquamtance with the group was made through Burnham s 
analysis of one of Struves rejected pairs Its internal 
relations will need time to develop^ A quaternary combina- 
tion of peculiar interest was detected by Mr Innes in 1897® 
It consists of two close pairs a: Toucani and Lacaille 353 
separated by the wide interval of 5^ 20", yet notwithstanding 

^ I’ldmmarion Catalogue p 96 
® Innes Reference Catalogue p 167 A 
® Bnmliain Gen Cat p 149 4 ^ ^28 

5 Monthly Mohces vol Ivu p 466 Eef Cat p 10 A 



MULTIPLE STAES 


203 


the antecedent improbability of their connection it is emphatic 
ally asserted by the unanimity of their rapid rate of travel 
across the sphere 

Eighteen ' double double star groups — one 2435) 
with a span of no more than 15" — ^were enumerated by Burn- 
ham in 1882^ and three have since been added by Hough 
and Innes^ They perhaps exist more numerously than we 
have as yet any idea of 

A double treble star so called by Herschel has been 
the subject of numerous successive discoveries With the 
slightest optical assistance <r Ononis a star of 3 7 magnitude 
just beneath the middle star in the belt of Orion separates 
into two wide and unequal components each of which was 
October 7 1779 perceived by Herschel to be triple® As 
usual in such cases the process of resolution was continued 
and the assemblage was described by Barlow as double- 
quadruple, with two very fine stars between the sets ^ 
These last howevei are not unlikely to be mere optical 
associates To this intricate group Burnham added a further 
element of complexity At Lick in the autumn of 1888 he 
found its chief member to be formed of a fourth and a sixth 
magnitude star a quarter of a second apart and yielding after 
ten years signs of mutual circulation^ The disclosure like 
some others, raised a question as to the point where steUar 
subdivision can really be said to cease That it is not where 
visual limitations interfere with our recognition of it was 
emphatically reasserted in 1904 by Professors Frost and 
Adams s spectroscopic discovery that the primary of Burnham s 
pair is intimately, though invisibly coupled with an obscure 
massive body 

The essential character of cr Ononis is that of being made up 
of two distinct yet evidently connected J^nots of stars and the 
same knot (2 762)® contains all the four brightest components 
These dilfer and perhaps vary in colour and their influence 
may be assumed to predominate m this remarkable system 

^ Observatory vol iv p 176 
Astr Nach N'o 2778 MotiMy Notices vol Ivii p 456 
® Fh%l Trans vol Ixxii p 124 
^ Smyth Cycle of Gel Objects ed 1881 p 156 
® Astr Nach No 2876 Gen Cat p 68 
6 Struve Mens Microm pp 149 245 
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The multiple star 45 Leporis is organised on a plan less 
definite than that governing the structure of a Ononis J ust 
visible to the naked eye, it consists of four principal and five 
subordinate members successively discovered by Sir John 
Herschel and Burnham^ One of the stars, of eighth magni 
tude, stands out through its ruddy colour from its white 
companions^ The entire group of nine objects covers an 
extent of 125^' 

The nebular relations of double and multiple stars were 
noticed with surprise by Sir John Heischel at the outset of his 
career ^ Although admitting without hesitation their physical 
character he was without the means of establishing it since 
made available and could support his conviction only by the 
utter improbability of such collocations as he pointed out being 
fortuitous Thus a close, minute stellar couple is planted at 
the exact centre of a faint round nebula in Leo (New Gen 
Cat, 3230), and the same kind of coincidence recurs twice 
m the southern constellation Dorado (NGC 1732, 1951) 
Two pairs in Sagittarius each set in the midst of a nebula 
(NGC 6589 6590) may from their contiguity be sus- 
pected to constitute one system , and two ninth magnitude 
stars at 15 , marking very nearly the foci of an elliptical 
nebula in the same region (NGC 6595) are certainly not 
accidentally projected upon it One of the most curious 
objects m the heavens (according to Sir John Herschel)^ is a 
trio of stars arranged in a minute equilateral triangle, relieved 
upon a shield of milky light (NGC 1931), and its 
singularity was enhanced by the duplication, under Burnhanfs 
gaze in 1891, of one member of the combination® By the 
same observer, again an eighth magnitude star right at the 
heart of a round nebula in Monoceros (NGC 2182) was 
divided also in 1891 into a delicate pair® the remeasurement 
of which after twelve years by Professor Aitken, gave evidence 
of slow circulation Of circulation we remember with surprise, 
conducted m a nebulous medium, and therefore presumably 

^ BurnliarQ Mcmows Astr JSoc vol xliv p 238 Astr ITach Ko 2062 
Observatory vol iv p 177 Gen Cat p 68 
® G Knott Observatory vol iv pp 184 212 
® Memoirs R Astr Soc vol vi p 78 ^ Ibid vol iii p 54 

® Gen Cat p 65 6 p 75 
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impeded But if so the system could not be a permanent 
one, and a temporary star should result from its collapse 
The difficulty is intensified by the consideration of many 
other still more noteworthy instances of the association of 
composite stars with nebulae The whole framework of the 
great nebulous structure in the sword of Orion seems to rest 
upon the stellar group designated 6 or rather 6 ^ Ononis , for 
there is a second 6 not far off itself a wide double star , and 
the two together form, to the eye, one diffuse object, singly 
catalogued by Ptolemy Tycho Brahe and Hevelius But it is 
with 6 ^ exclusively that we are at present concerned 

On the very slightest telescopic persuasion it allows itself 
to be seen as quadruple The four stars into which it divides 
are severally of fifth sixth, seventh and eighth magnitudes 
the greatest interval between any two of them not exceeding 
21 None of them is in visible subordination to any other, 
they stand it might be said on an equal footing at the four 
cornel s of a rudely quadrilateral figure or trapezium They 
maintain their places too both absolute and relative with 
singular iigidity After two and a half centuries of observa 
tion no shifting of them can be detected They are hence 
likely to be at a prodigious distance from the eaith 

The rule that such groups seem more crowded as they are 
better seen, has not been infringed here A filth star of the 
eleventh magnitude was added to the company by Struve 
November 11 1826 and a sixth still fainter by Sir John 
Herschel, February 13 1830 Both of these though closely 
adjacent, each to one of the larger stars share their apparent 
immobility ^ Variability in light has often been ascribed, and 
as often denied to them Burnham s experience is against it , 
yet the cunous fact that Robert Hooke saw the fifth star in 
1664 with a non achromatic three and a half inch telescope ^ 
IS strongly indicative of temporary brightening, and M 
Comas SolcL was convinced that the sixth star was shining 
with unusual lustre when he observed it after an interval of 
some months, on November 10 1901^ Individual and 

1 Bumliams ineasuieg beem decisive on this point See Memoirs E Astr 
Soc vols xliv pp 203 237 xlvii p 244 Monthly Mohees 'vol xlix p 257 
Fiibl Ztoh Observatory vol ii p 46 

MiLi ogj ap?iia p 242 ^ Mach Ko 3761 
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atmospheric conditions are however largely concerned in such 
persuasions , when they conspire favourably it is well ascer 
tamed that all six of the trapezium stars can be made out 
with achromatics or reflectors three to four inches in aperture ^ 
Hooke s observation can scarcely then be said to demonstrate 
change 

Further members of this group have at various times, 
been half seen half surmised , but their existence always 
problematical has been disproved through the application of 
the Lick thirty SIX inch, for the three new stars perceived 
from Mount Hamilton by Alvan G Clark and Barnard could 
certainly not have been detected with any less powerful 
instrument Two of them lie within the trapezium , the 
third a double star of extraordinary minuteness and difficulty, 
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Fig 2V —Stars of the Trapezium 

just outside it^ Their positions are shown on the accom 
panying diagram (Fig 27) where G and H represent two of 
the recently discovered stars the third as an imperfectly 
determined object being provisionally marked with a cross 
The fact that the leading stai in the trapezium has 
proved to be a spectroscopic binary is not the less astonishing 
because of its congruity with much that had previously been 
learned Sir Wilham and Lady Huggins recorded in 1897 ^ 
the first signs of its duphcity , they were assured and defined 
by the Terkes measures in 1904^ Its nature is moreover 
shared and attested through a far larger variation of radial 

^ Webb Oel Objects p 367 

2 B-urnbam Monthly NoUces vol xlis p 352 Astr Nach No 2930 
® Astrojph Jonrn vol vi p 322 
* Frost and Adams %bid vol xiv p 153 
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speed, by 0^ Ononis, wbicb crosses the meridian six seconds 
later than the septuple object to the west Half a degree to 
the south lies c Ononis a triple star immersed in an outlying 
shred of the Sword handle formation Here again visual has 
been followed up by spectroscopic resolution The diffuse 
dark lines in the prismatic light of t Ononis oscillate to an 
extent indicating to and fro velocities of 60 kilometres (37|^ 
miles) a second And by similar tokens the nebulous stars S 
Monocerotis 57 Cygni and a Scorpu are known to be swiftly 
circulating couples The investigation of systems so singularly 
circumstanced will doubtless serve to elucidate the relations of 
the glimmering fields of space to masses of matter traversing 
them Should they appear to slip through unopposed our 
ideas as to the essential properties of material substance will 
have to be considerably modified 

In one other great nebula besides the Orion structure a 
multiple star seems dominant The nuclear group in the 
trifid nebula (NGC 6514) consists of a close quartette 
covering an angular extent of only 19 , with two extremely 
faint additional stars discovered by Professors Langley and 
Holden Complete apparent fixity characterises the arrange- 
ment 

The frequent association of compound stars with nebulse 
IS no mere isolated fact Por they pass by insensible degrees 
into star clusters the nebulous affinities of which have been 
in many cases, established with the aid of photography The 
conjecture is even plausible that the formation of a multiple 
star in a great nebula represents the initial stage of the 
development from it of a crowded clustre minor nebulae giving 
rise to lesser groups , and if objects of the kind have not yet 
so to speak been turned out of the workshop it is no wonder 
that fragments of their raw material still cling round them 
Compositeness of structure may thus measure primitiveness of 
condition illustrating though to us dimly the sequence of 
Divinely decreed changes by which cosmical order is gi a dually 
more and more fully disengaging itself from the loud mis- 
rule of chaos 



CHAPTEE XVI 

THE EYOLUTION OF MULTIPLE STARS 

Stars joined together in systems peremptorily assert a common 
origin Their companionship is not due to chance Bodies 
moving independently in space may circuit one another in 
a hyperbohc orbit , but the event should be unique They 
can never meet again Permanent capture is practically out 
of the question The intervention of a third body would be 
required to bring it about and the third body should be 
critically situated, and of enormous mass to produce the 
necessary amount of retardation The possibility of a casual 
approach having led to an indissoluble union is indeed too 
remote to be worth counting Multiple stars we may rest 
assured were such potentially from the first 

Yet the manner of their origin remained long an im 
penetrable mystery Clearly it belonged to the regulai order 
of sidereal arrangements, and quite as clearly it differed 
toto coelo fiom the series of operations by which the planetary 
system had come mto existence Nor could any reason for 
the divergence be assigned until Dr See published in 1893, 
his researches on the part played by tidal friction in moulding 
the relations of double stars Based on Professor Darwins 
memorable mquiries into the antique history of the earth and 
moon they followed a line essentially oiiginal No attempt 
had previously been made to trace the consequences in stellar 
systems of a mode of action known to have been powerfully 
effective within the narrow precincts of the lunar sphere 
Yet since it gams efidcacy as the ratio between the masses 
submitted to it approximates to equahty it should reach a 
maximum of influence in modifying the relations of co 

i08 
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OTdmate bodies such as double stars Tidal friction is m 
Hr Sees words ‘a necessary adjunct of gravitation wherever 
systems of fluid bodies exist in a state of relative motion, 
it IS a physical agency as universal as gravitation itself 
operating more or less powerfully in all the systems of the 
umveise ^ 

The key to the enigma of double stai development was 
given by the high eccentricities of their orbits Two bodies 
revolving very close together are not only pushed asunder by 
tidal reaction but are forced to retreat along tracks that 
become elongated as they widen The process is termmable 
after an indeflnite lapse of time, and is even theoretically 
reversible though to an almost evanescent degree What we 
just now have to do with however are the direct work 
mgs of a cause satisfactoiily shown to be adequate to the 
effects assigned to it If this be so telescopic star pairs set 
forth on their careers as spectroscopic binaries , while spectro 
scopic binaries must through the influence of tidal friction m 
widening their paths be steadily growing into visual couples 
One class is complementary to the other and Dr Sees 
hypothesis obtams fiesh confirmation from each additional 
discovery of a star with variable radial motion 

Mioieover, these excessively close systems are strongly 
marked by signs of progressive change Some appear to be 
still inchoate The eventual stars are intimated by certain 
phenomena of their light changes to be perhaps as yet 
undivided Connected it is thought by a survivmg hgament, 
they revolve as a dumb hell might pivoted on its neck and 
aptly illustrate the apioidal forms dealt with m the 
formulse of Pomcard and Darwm From the rupture of a 
spinning dumb bell, then, to stately binaries m seculai 
revolution, a virtually unbroken series of mstances can be 
traced, and that the advance is leally a development is a 
fairly irresistible conclusion A set of specimens presenting 
gradual modifications of a given type proclaims of itself a 
transforming agency , and double stirs exhibit not only all 
the linked instances that could be expected, but the requisite 
agency for producing them ready at hand in the grindmg and 
modelling power of tidal friction 

^ Astr md AstTo;phys%cs rol xii p 290 
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The theory of double star evolutiou through its excep 
tional efbcacy lu embryonic stellar systems is thus at first 
sight, strongly recommended It must be true to some 
extent But it has limitations and qualifications which 
should not be overlooked The dynamical and physical 
histones of double stars are intimately connected Their 
relative masses and densities their spectral congruities or 
divergencies, their colour and brightness, are so many items 
of evidence as to the course of their companionship and the 
destiny awaitmg them Comparative inqumies are indeed 
especially difficult for objects m many cases barely separable 
m the sky yet they have been set on foot , and the few facts 
so far collected are valuable, both in themselves and as an 
earnest of a fuUer harvest Meantime they seem to wariant 
one or two provisional generahsations The first is, that 
contrasted pairs of yellow and blue tints are formed each of a 
solar and Sirian star the lesser component showing the more 
primitive spectrum Since however, their revolutions are of 
inordinate slowness them mass relations cannot be apportioned 
It IS only permissible to say that if satellite stars resemble in 
constitution solitary stars of similar light quality, their 
brilhancy must exceed the proportion of their mass Their 
gravitative disparity should m this case, largely outmeasure 
their visible inequality 

An opposite rule seems to apply where the secondary star 
is of a roseate or purplish hue It is founded, indeed upon 
only two ascertained instances , yet they do not appear to be 
exceptional The companion of 70 Ophiuchi, while of less 
than one fourth the brightness of its primary quadruples its 
mass Admitting it to be of the same density, it gives eleven 
t. iTUPR less hght per square mile of photospheric surface And 
for the analogous pair ij Cassiopeiae the ratio is t^n to one 
The lesser luminary shines with one tenth the areal brilliancy 
of the primary, equal densities being again assumed Un- 
fortunately the rays of these heavy satellites have not been 
separately analysed , so that in the few cases where spectral 
distmctions are on record nothmg is known as to relative 
TTiaas j and where relative masses have been determined 
differences m light quahty are undisciiminated An ex 
ception IS furmshed by a Centauri the components of which 
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arc thoroughly mdividuahsed But they show no hetero- 
geneity of colour or spectrum One is a deeper yellow than 
tin) other, simply because its absorption is stronger than 
tliough siinilax to that of its comrade Binary systems 
undoubtedly offer the most promising field for investigating 
the stages of stellar development Their relative antiquity 
to begin with, can be roughly estimated , for there is good 
reason to suppose the closest and swiftest pairs to be in 
gc neral the most primitive Further, the components of 

eich are necessarily of the same age Whatever spectral 
differences they present cannot then be set down to the 
exclusive account of time They are either aboriginal, or 
have supervened as the result of innate diversities Thus, 
bodies unequal in mass are unlikely to develop at the same 
mte The long accepted opinion was that it should be slow 
ill propoition to the quantity of matter contained m each 
globe Sir William and Lady Huggins, however suggested 
m 1897 doubts on this point ^ They indicated the probability 
th it a high gravitational constant might hasten the transition 
liom a Siriaii to a solar spectium , and the phenomena of 
double stars seem expressly adapted to serve as a criterion 
wlicuhei this is so or not A decisive conclusion could be drawn 
from a comp irison ol the masses of such a chromatic pair as 
c Bootis , but the possibility of instituting it is m the dim future 
Something, on the other hand, may be learned from the great 
spectroscopic binary Capella concerning the influence of massive 
ness upon spectral history If the plane of its revolutions passes 
through the earth, the attractive power residing m the system 
IS more than twice that of the sun , and this minimum esti 
mate should he increased eight fold to correspond with an 
orbital mclmation of 60® to the hue of sight Fow the star 
is c normously brilliant It has a measured parallax, and at 
ilH distance, our sun would appear 102 times fainter Assuming 
ilu components of the binary to be equal globes of solar 
density and intrinsic lustre each should possess the mass of 
>b 1 suns Then mutual attraction, m other words should 
oxiuhI 726 turns tlio gravitational pull exerted on the planets 
hit VC it In less the highest value that can plausibly be assigned 
to tlicir joint mass is twenty times that of the sun The 
^ Astroph Journ vol vi p 326 
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tremendous discrepancy thus made apparent obhges us to 
suppose that CapeUa while spectioscopicaUy almost a replica 
of the sun is an orb far less condensed and more lummous 
It then evidently became invested at a much earhei stage 
of cooling with a reversing layer similarly composed to that 
producing the Fraunhofer hnes Further experience must 
decide whether giant suns of this type are invariably more 
tenuous than their hght would lead us to expect, or whether 
CapeUa is in this respect peculiar Its example serves at 
least to give an idea of the modes of evolutionary inquiry 
rendered feasible by the study of binary systems 

Inequahty between mass and light is pushed to the last 
extreme in the obscure, though strongly attractive attendants 
of many lustrously white stars A large number of such 
incongruous couples have been discovered spectrographically 
and the Aingma they present finds no ready solution Clearly 
disparate loss of energy by radiation wiU not reasonably ex 
plam the contrast of their present state Bather, some 
profound diversity of constitution must be supposed to have 
brought it about The brilliancy of stellai photospheres 
essentiaUy depends upon the activity of interior circulatory 
processes These are perhaps in abnormally dark globes, pie 
maturely retarded or arrested But the how ^ and why ? evade 
divinatory efforts 

From dwelling on the oiigm of binary stars our thoughts 
insensibly range beyond them to larger combinations Ee 
volving couples veiy often form only part of an extended 
system Is it conceivable that such varied aggregations were 
fashioned throughout by the same kind of infiuence ^ Was 
tidal friction the factotum in aE their developmental changes * 
To affirm it would be perilous There is no warrant foi 
ascnbmg an iron consistency to creative methods In the 
planetary system at any rate, they seem to have been con- 
siderably varied Professor Darwin has virtually demonstrated 
that lunar-terrestrial relations lay apart Ho other member 
of the solar family could have originated by fission, as the 
moon presumably did or raised a tidal wave of overruling 
magnitude on the still plastic surface of its primary Hence 
unffiormity in the processes of cosmogony need not be taken 
for granted. We may, for example reasonably admit that the 
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close pair in ^ Ursee Majons divided at close quarters similarly 
to the earth and moon without extending the inference to the 
telescopic companion of the same star , still less to Alcor its 
distant fellow passenger through space Each case should he 
considered on its merits without prepossession in favour of 
harmonising the results Indeed the long senes of operations 
traced out hy Ur See is scarcely capable of being duplicated 
Through over rapid spinning a jluid globe may split asunder 
once 5 but a repetition of the event is virtually precluded by 
the very consequences of the first disruption For the new 
born satelhte exerts by the drag of the tidal wave it raises 
on its primary a powerful retardative influence on its rotation , 
the speed of which is most unlikely to reach a second time the 
pitch needed for instability , and the satellite itself is under 
the same prohibition Multiple stars then cannot so far as 
we are able to judge, have been formed by successive sub 
divisions of one parent mass In stellar systems as in the 
solar system many degrees of relationship are distinguishable 
Groups in loose mutual connection may have originated con 
temporaneously in different sections of the same nebula 
Binaries of co ordinate rank are doubtless frequently mcluded 
in a single complex mechanism This species of remote km 
ship IS forcibly suggested by the movements of ^ Scorpn, one 
of the few triple stars all the members of which are in visible 
revolution Yet not in the same sense The close pair 
circulates directly the third, more distant companion (as 
already stated) in a retrograde direction The wide 
divergence thus probably indicated of the two orbital planes 
betokens unmistakably a remarkable dissimilarity in the 
conditions under which the near and the remote satellites 
respectively took their origin A more intimate acquaintance 
with such systems will perhaps show the case of ^ Scorpn to 
be typical, it is assuredly most significant Agam the 
SIX stars forming the Orion trapezium are beyond cavil a 
physical group, in immediate genetic connection , yet it would 
be extravagant to suppose one the parent of the others Only 
the dark body circulating contiguously to the brightest of the 
sextett can be regarded as its proper offspring , the rest claim 
an independent footing We can conceive them as having 
condensed from distinct knots in one vast nebulous structure 
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impressed with a slowly wheeling movement We cannot 
conceive them as thrown off one after another by one swiftly 
rotating globe The same might be said of the quadruple 
system e Lyrse and of many more 

The more attentively cosmic processes are studied;, the 
more various they appear Thus comets can be clearly seen 
to have originated differently from planets, and some planets 
differently from others, while our own satellite struck out 
a line for itself The large consonances of the solar system 
subsist amid diversity of detail attesting strong individualities 
of history and status And such diversity has its fullest scope 
among the stars It is much if we can catch glimpses of 
partial truth in meditating on their evolutional order , the 
profundities of its meaning, and the intricacies of its roots in 
the past and ramifications into the future baffle our scruti- 
nising efforts 
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Eeom multiple stars the transition is easy to star clusters 
These seem to embody completely the idea contained m germ 
in the former class of objects They are collections often on 
the grandest scale, of sunlike bodies small and large united 
in origin and histoiy acted upon by identical forces tendmg 
towards closely related ends The manner and measure of 
their aggregation however, vary -widely and with them the 
cogency of the evidence as to theix orgamc oneness There 
are innumeiable cases m which it absolutely excludes doubt , 
there are some in which it is rather persuasive than con 
vinoing It IS not then always easy to distmguish between 
a casual ‘sprinkle of stars and a genuine cluster Xor can 
the movement test, by which so many physical have teen 
discnminated from optical double stars be here apphed 
Internal displacements of a circulatoiy character have not 
yet become apparent in any cluster and there is only one 
with an ascertained common proper motion 

This IS the immemorial group of the Pleiades famous m 
legend, and instructive above aE others to exact inquirers 
the meeting place in the skies of mythology and science 
Ihe vivid and picturesque aspect of these stars riveted from 
the earliest ages the attention of mankm , ^ 
sacredness attached to them and their 

destinies was beheved to be mtimate and direct Out of 
the dm reveries about them of mtuW ia»s ^ 

assoeiation mth the seven benefieent skj-spmts ^ 

and the Zendavesta,^ and the location among 

■L Bunsen Die Pleiaden %nd der ThurTcreis 434: 
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centre of the universe and the abode of the Deity of which 
the tradition is still preserved by the Berbers and Dyaks^ 
With Kovember the Pleiad month many primitive people 
began their year , ^ on the day of the midnight culmination 
of the Pleiades 17th November no petition was presented 
in vain to the ancient kings of Persia , ^ and the same event 
gave the signal at Busins for the commencement of the feast 
of Isis and regulated less immediately the celebration con 
nected with the fifty two year cycle of the Mexicans Savage 
Australian tribes to this day dance in honour of the ^ Seven 
StarSj because ^they are very good to the black fellows 
The Abipones of Paraguay regard them with pride as their 
ancestors ^ Elsewhere the origin of fire and the knowledge of 
rice culture are traced to them They are the hoeing stars ^ 
of South Africa ® take the place of a farming calendar to the 
Solomon Islanders and their last visible rising after sunset 
IS or has been celebrated with rejoicings all over the southern 
hemisphere as betokening the waking up time to agricultural 
activity 

To the G-reeks of Hesiod s age their ' heliacal rising (the 
first visible before sunrise) announced each May the opening 
of the season for navigation, and their name thus came to 
be interpreted (from jplein to sail) the sailing stars But 
this etymology was doubtless — like the deiivation of ' elf 
and gobhn from Guelf and GJiibelhne — an afterthought , 
and it may be confidently maintained that the word ^ Pleiades 
bearing like its Arabic and Hebrew equivalents the essential 
signification of a cluster came from the Greek pleiones, 
many or ;ple%os full® It was represented in Latin by 
Vergilise (from ver spring), a designation possibly com 
memorative of the ancient coincidence of the stars with the 
vernal equinox They were moreover chosen about the same 
epoch — say 2700 BC — by the Hindus to mark the first lunar 

1 Haliburton Nature voL xxv pp 100 317 Yan Sandiak ZAstronomte, 
t IV p 367 

® Haliburton Feshval of the Dead p 46 

^ Ih%d p 13 

^ Lubbock Or%g%% of CimhsaUon p 316 4tli ed 

® J Hammond Tooke in an interesting paper read in January 1889 before 
tbe S African Pbilosopbical Society 

® Nature vol xxxv p 608 
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mansioU; called ' Kxittika, general of the celestial armies , ^ 
and long occupied the same post in Chaldea under the title 
Thnrayya ’ the crowd ^ 

The similarity of the traditions respecting the swarm of 
celestial fireflies, 

Quae septem dici sex tamen esse soleat, 

18 as surprising as their universality That they were seven 
who now are six is asserted by almost all the nations of the 
earth fiom Japan to Nigritia and variants of the classical 
story of the ^ lost Pleiad are still repeated by sahle legend- 
mongers in Tictoria and Western Australia by ‘ head hunters 
in Borneo by fetish-worshippers annd the mangrove swamps of 
the Gold Coast An impression thus widely diffused must 
either have spread from a common source or originated in an 
ohvious fact and it is at least possible that the veiled face of 
the seventh Atlantid may typify a real loss of light in a pre 
historically conspicuous star Some members of the collection 
are at present there is little doubt slightly or slowly variable/ 
and progressive tendencies of the kind are in more than one 
case suggested to be present Thus Alcyone, the chief of the 
collection now of the third magnitude and just twice as bright 
as the brightest of its companions was either not one of the 
four Pleiades observed by Ptolemy or was then much fainter 
than it has been from Tycho Brahe s time to our own So at 
least Francis Baily concluded from a careful examination of 
the records/ and he knew better than most men how large 
an allowance has to be made for ancient inaccuracy A 1 
Sufi too, the competent reviser of Ptolemy s observations, 
expressly states that the Alexandrian c[uartette appeared to 
him m the tenth century, the most lustrous among the 
Pleiades^ Tet none of them can be identified with the 
present luc'idd A literal explanation of the old legend may 

1 R H Allen Steer JSfames and thezr Mecomngs p 392 

2 Weter Indische Studien Bd x p 216 

® 0 Wolf Annales d& I Olsermtovre de Parns t xiv n p 26 Iindemann 
mmo%re$ de I Acad St P^tersbonrg t X8:3.ii tji Ser 6 p 29 Vogel 
JPotsdam Eeport 1899 

^ Memoirs R Astr Soc rol xiii p 9 £ r 

® Sclijelleriip DesanpHon des Ltoiles p 132 Kammanon Les EtoiUs 

p 291 
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hence be feasible and Professor Pickering s suggested identi 
fication of Pleione with the missing Atlantid has much to 
recommend it ^ The display by this star of a gaseous 
spectrum resembling that of P Cygni countenances the view 
that like P Cygni it formerly shone with temporary or 
intermittent brilliancy It is now of 5 4 magnitude or just 
twice as bright as it was by Argelanders estimate fifty 
years ago 

The five stars ordinarily visible besides Alcyone (see 
Plate I Frontispiece) are Electra and Atlas, each fluctuating 
slightly above and below 3 8 magnitude , Maia now of the 
fourth or one magnitude fainter than Alcyone , Merope and 
Taygeta the inferiors of Maia by respectively a quarter and 
a half magnitude Celaeno the seventh or concealed stai 
gives only about one third the light of Taygeta 

Yet it can be seen with many others under favour 
able circumstances Maestlin the tutor of Kepler, perceived 
fourteen and mapped eleven Pleiades previously to the inven 
tion of the telescope , Carrington and Denning counted 
fourteen 2 Miss Airy marked the places of twelve with the 
naked eye ^ The faintest of these fell but little short of the 
sixth and there are twenty three Pleiades down to the seventh 
magnitude ^ each of which (with perhaps one or two exceptions) 
might be separately visible in a transparent sky or from an 
elevated station But their crowded condition makes this im 
possible and gives rise rather to the effect described by 
Kazwmi in the thirteenth centuiy of “ six bright stars with 
a number of dusky ones between ^ 

With the use and increase of telescopic powers, the popu 
lousness of the cluster has been amazingly mcreased An 
object-glass scarcely exceeding two inches diameter showed 
Eobert Hooke in 1664 seventy eight Pleiades^ and Michells 
conjecture, m 1767, that there might be more than a thousand 
of them*^ has been superabundantly verified by the results of 
modem labours Over an area about Alcyone measuring 

^ Astr Nach ISTo 2934 ^ Welb Cel Objects p 393 

^ Monthly NoUees vol xxiii p 175 

^ Sarmrd, Annals vol xiv pt ii p 398 cf Muller and Kempf Astr 
Mach No 3687 ® Ideler Sternnamen p 147 

6 M'lcrograjyUa p 241 7 PUl Trans vol Ivn p 259 
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135' X 90' M Wolf catalogued, at the Pans Observatory in 
1876, 625 stars to the fourteenth magnitude, on the MM 
Henry s sensitive plates m 1885 1421 made their appearance 
in a smaller space and the number was brought up to 2326 
by exposures of four hours in November and December 1887 
The faintest objects thus registered were probably of about the 

Sixteenth photometric magnitude 

How many of them really belong to the group and how 
many are referred to it by perspective, cau be determined with 
the help of time and patience As regards some of the better 
known stars, the process of discrimmation has aheady begun 
Bessels measurements of the places relative to Alcyone 
of 52 Pleiades’- executed with the Komgsberg heliometer 
during the twelve years from 1829 to 1841 furnished a 
starting pomt for investigations of their internal movements 
The upshot of the first effective comparisons was to exhibit 
these as null Prom a collodion-print of the cluster taken by 
Eutherfurd of New York in 1865 Di Gould redetermined 
nearly all Bessels stars with such accuracy as to make it 
ceitain that no appreciable interstihal shiftmgs had occurred 
in the course of a (luarter of a century , ^ and his conclusion 
was, through additional photographic comparisons of ten of 
the same stars extended by Professor Jacoby to the year 
1900 ^ 

Now this seeming rigidity unphed a great deal Por the 
pomt of origin of the measures in question is not immovably 
fixed m the sky The chief Atlantid has a secular proper 
motion (according to Newcomb) of 6" the possession of which 
in common by the whole stellar band virtually demonstrated 
their effectual union Where one among many objects is 
ascertained to be moving relative fixity can only mean that 
all drift together , and so the unique phenomenon was brought 
to light of the transport in block across the sphere of some 
scores or hundreds of congregated suns Even if the whole of 
this apparent displacement should prove to be as it were 
reflected from the solar advance its significance of physical 
kinship among the objects affected by it would be nowise 
impaired Por an identical parallactic shift would equally 

1 Astr Nach Ko 430 Olsenatory vol u p 16 

^ Astrojph Journ vol xiii p 56 
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suffice to locate them in the same region of space under the 
immediate influence of their constraining mutual gravity 

The establishment of a general unanimity of movement 
among the Pleiades was the first step towards investigating 
their relations, the next was to seek evidence of systematic 
change This has still to be found, its highly recondite 
nature has been rendered unmistakable by the labours of 
Wolf^ Pritchard, 2 and Elkm^ Displacements within the 
cluster, though necessarily in progress are barely nascent 
Something however, has been done towards its analysis as 
the result of Dr Elkins work at Yale College in 1884-86 
Leaving nothing to be desired in the way of skill and care 
it was the more strictly comparable with Bessel s from having 
been executed like his with a heliometer, one of about seven 
inches aperture completed m 1882 by the Messrs Eepsold 
of Hamburg Sixty nine stars down to 9 2 magnitude, were 
included in the survey only one of Bessels being omitted, 
while seventeen were added from the Bonn Durchmusterung 
The close agreement on the whole between the places deter- 
mmed after an interval of forty five years at Konigsberg 
and Yale lent importance to some minute discrepancies, 
the most considerable of which intimated the probability that 
SIX of the objects on Bessel s list were only apparent members 
of the cluster^ They should probably be regarded as pseudo 
Pleiades intruders into a company from which they will 
eventually be expelled through the cumulative effects of in- 
compatible movements Exempt from the influence of the 
current bearing Alcyone and its true associates slowly towards 
the south south east they remain almost absolutely stationary 
and are accordingly in course of being left behind Recent 
counts by Pickering^ and Stratonoff® make it fairly certain 
that the majority of the small stars within the area of the 
Pleiades will be left behind with them The ground for this 

A'mmlesdeVOlseroato'bre t xiv ii Oomptes Beridus t Ixxxi p 6 

^ Monthly NoUces vol xliy p 357 

^ Trans Yale College Observatory vol i pt i 1887 Pt viii contains 
results of a second triangulation ty M F Smith, m 1900 2 

Dr Elhin expressed this view with considerable reserve as regards four of 
the SIX stars Of his revised conclusions Trans 1 ale Coll Obsermtorv vol i 
pt vii p 356 1904 

® STarvard Circular No 17 e 34 ^^ 
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inference is that they are less densely strewn than the multi 
tudinous stars in the adjacent sky The true glomeraUU 
s%dus IS then formed of brightei objects the number of which 
though still unknown can be ascertained after a moderate 
lapse of time by renewed photographic comparisons 

The proper motion of Alcyone reverses with approximate 
accuracy, the direction of the suns progress through space 
It may hence be regarded as parallactic that is, transferred 
by perspective from our own If this be so, the distance 
between Alcyone and the earth can be calculated given the 
direction and velocity of the suns translation ITow we know 
that the sun is travelling towards a point in the constellation 
Lyra at the rate of about twelve miles a second On this 
showing the Pleiades are so remote that their light takes 190 
years to reach us (parallax = 0'^ 01*7) Nor is the estimate 
likely to he materially diminished 

Our own sun thus far away would shrink to a star 
ot 8 6 magnitude There can he little doubt in fact that it 
is surpassed in brilliancy by fifty to sixty of the Pleiades 
And it must be in some cases very greatly surpassed, by 
Alcyone 1 *7 0 by Electra 8 3 by Maia about 7 0 times Sinus 
itself takes a subordinate rank when compared with the five 
most brilliant members of a group the real magnificence of 
which we can thus in some degree apprehend 

The scale of its construction is no less imposing No 
judgment can of course be formed as to the interval of space 
separating any two of the stars belonging to it All of them 
are seen projected indiscriminately upon the same plane 
without regard to the directions in which they lie one from 
the other The line joining Maia for instance with Alcyone 
may be foreshortened to any extent or not at aU No 
criterion is at hand which we can apply Of the dimensions 
however, of the cluster as a whole some notion can be 
gathered Eor its shape — irrespectively of some outlying 
streams of small stars — ^may be taken to be rudely globular , 
and since a circle described from Alcyone as a centre with a 
ladius of 48' includes all the principal stars sixty of Elkins 
sixty nine, fifty two of Bessels fifty three falling within it 
the apparent diameter of the denser part of the aggregation 
cannot differ much from 96' But the proportion of the 
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radius to the distance of a globe is known from elementary- 
trigonometry and here comes out (in lound numbers) as one 
to se-venty one , so that the bodies situated close to its surface 
are seventy one tunes nearer to their central lummary than 
then central luminary is to us If they revolve round it it 
IS at an interval exceedmg fifteen biUion miles costing hght 
not far from three years to cross, and the period of their 
circulation may well be reckoned by millions of years Upon 
these dependent orbs Alcyone shines with sixty times the 
lustre of Sinus in terrestrial skies , yet the presence of 130,000 
Alcyones would only just compensate for the withdrawal of 
even such a diminished sun as brightens the firmament of 
Heptune From stars more centrally placed the chief of the 
cluster doubtless appears a veritable sun although it may not 
be to aU the primary hght giver An assemblage like the 
Pleiades distributed round our sun would extend compactly 
three-quarters of the way to a Centauri its feelers and 
appendages indefinitely farther Hence there would be ample 
room in it for secondary systems and particular associations of 
luminous bodies And in point of fact, the actual cluster 
contains several of Burnham s close double stars, one certainly ^ 
all prp.R inina. bly in mutual revolution, to say nothing of the 
doubtful compamon of Atlas which distinctly visible only 
once to Struve in 1827, gave nevertheless some sign of its 
presence during an occultation by the moon, January 6, 
1870 2 

The discovery of Maia as a spectroscopic binary suggests 
an mdefimte range of hidden complexities in the mechanism 
of the cluster It ensued in the course of a research on the 
radial velocities of the six leading Pleiades carried out by 
Mr Walter Adams with the Bruce spectrograph of the Yerkes 
Observatory in 1903 4® The diffuseness of the spectral hnes 
in these stars impaired the precision of most of the determina 
tions, but Maia offered more facilities than its compamons, 
and the variation of its speed to the extent of about eighteen 
miles a second seems mdisputable The period of its re 
volutions has still to be assigned The other five stars all 
proved to be receding from the sun at rates correspondmg 

^ Astr Nach No 3047 ^ Ih%d No 2074 

® Astrojph Journ vol xix p 338 



THE PLEIADES 


223 


fairly well with the sun s celerity of withdrawal from them 
That IS to say, no evidence of individual motion (unless 
possibly in the case of Taygeta) was elicited from them 
Spectroscopic measures are then no more immediately hopeful 
than micrometrical measures’- for obtaining a clue to the 
dynamical condition of this marvellous star-group 

A spectrum of helium type characterises its genmne 
members A simultaneous spectrographic impression obtamed 
by Professor Pickering from close upon forty of these stars 
January 26 1886 demonstrated the nearly identical (quality of 
their light and furnished ^ strong confirmation of their common 
origin ^ Only in two cases a stronger 'K line recorded 
itself than such light ordinarily includes and the divergence 
was, in one of the two, both accentuated and explamed by 
diversity of motion The star m question (s Pleiadum) has 
been already signalised as an incipient fugitive from the group 
to which it never truly appertained 

The stars of the Pleiades, while shming with so poignant 
a lustre as to make the sky ground they are relieved upon 
show to the eye as blacker than elsewhere are in leality 
wrapped and entangled in an immense cosmical cloud Some 
indications to this effect caught by optical means have been 
autographically amplified to so surprising an extent that the 
discovery of the nebulous condition of the Pleiades ranks among 
the most impoitant achievements of celestial photography 
The ' Merope nebula was compared by M Tempel to a 
stain of breath upon a mirror Discovered by him at Venice 
October 19 1859 it envelops and stretches back in cometary 
shape from the star to which it is attached covering a space 
of about 35' by 20'^ But this large size only makes its 
perception more difficult by impairing the effect of contrast 
with the surrounding sky High magnifying powers (which 
imply narrow fields of view), render it on this account com 
pktdy invisible and a haze so slight as to permit the observa 
tion of stars of thirteenth or fourteenth magnitude suffices 

1 Elkin Irms Yale College Observatory vol i p 101 
Memoirs Amer Acad yoI xi p 215 Earvard Annals vol xxvi pt ii 
p 262 wliore tke spectia of ninety one memberb of the group are specifically 
locordod 

s Astr Mach No 1290 Monthly Notices vol xi p 622 
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to obliterate it This evasiveness suggested variability , but 
Tempel s contrary opinion has been fully justified 

The idea was entertained both by Goldsclimidt ^ and 
Wolf that the film y veil flung round Merope was but a frag 
ment of a larger whole , and as time went on glimpses were 
snatched of misty shreds and patches in connection with other 
members of the group Alcyone appeared to Searle at Harvard 
College November 21 1875 surrounded by whitish light, ^ 
the effusion about Merope evidently to Schiaparelli in 1875 ® 
and to Maxwell HaU in 1880 reached Electra and even 
Celaeno,^ while a remarkable view afforded to the late Dr 
Common by his three-foot leflector, February 3 1880® of 
three feebly luminous blotches between Merope and Alcyone 
prompted his comment that there is a great deal yet to be 
settled as to the extent and number of the nebulae in this 
cluster 

Its import however, became apparent only when 
photography was brought to bear upon the subject The 
first nebula discovered by the new method was a small spiral 
appendage to the star Maia which printed itself on plates 
exposed by the MM Henry each during three hours in 
December 1885® Only the accumulating faculty of the 
‘chemical retina could have revealed the presence of an 
object so excessively faint in a telescopic sense , but what is 
known to exist is by that alone, rendered more than half 
visible and the Maia nebula was accordingly discerned, 
February 5 1886 with the Pulkowa thirty -inch refractor 
then newly erected and later with smaller instruments 

Besides the Maia vortex the Pans photographs depicted 
a series of nebulous bars on either side of Merope and a 
curious streak extending hke a finger post from Electra towards 
Alcyone But all these were mere samples of what lay 
behmd Impressions of the Pleiades secured by Dr Eoberts 
with his twenty inch reflector m October and December 1886 
showed the whole western side of the group to be involved m 

^ Les Monies t ui p 629 Barnard Awnals vol xiii p 74 

^ Astr Nach ISTo 2045 

^ Monthly Notices yoI xli p 315 ® Ihid vol xl p 376 

® Similarly recorded a month earlier at Harvard College it was taken for a 
flaw in the negative 

7 Astr Nach Nos 2719 2726 2730 
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one vast nebulous formation^ Streamers and fleecy masses 
of cosmical fog seem, in these astonishmg pictures almost to 
fill the spaces between the stars, as clouds choke a mountain 
valley The chief points of its concentration are Alcyone 
Merope and Maia , but it includes as well Celseno and Tay 
geta and is traceable southward from Asterope over an arc of 
1° 10' These photographs in fine as Mr Wesley wrote 
not only prove beyond a doubt the existence of the much 
disputed Merope nebula but they also combine and harmonise 
in a very satisfactory manner the apparently irreconcilable 
drawings ^ 

The matter was not allowed to rest here Early in 
1888 the MM Henry succeeded in giving to several plates 
exposures of four hours with results identical in each case and 
very curious Their nature can be estimated from our frontis 
piece which repioduces the final chart of the Pleiades prepared 
by the MM Henry The greater part of the constellation 
is shown in it as veiled in nebulous matter of most uneq[ual 
density In some places it lies in heavy folds and wreaths 
in others it barely qualifies the darkness of the sky The 
details of its distribution come out with remarkable clearness 
and aie evidently to a large extent prescribed by the lelative 
situation of the stars Their lines of junction are frequently 
marked by nebulous rays estabhshmg perhaps between them 
relations of an unknown nature, and masses of nebula m 
numerous instances, seem as if ^pulled out of shape and 
drawn into festoons by the attractions of neighbourmg stars 
But the strangest exemplification of this filamentous tendency 
is in a fine thread like process 3" or 4" wide but 35' to 40' 
long issuing in an easterly direction from the edge of the 
nebula about Maia and stringing together like beads on a 
rosary ^ seven stars met in its advance Two similar rectihnear 
nebulae run parallel to the first and a fourth was photographed 
by M Stratonoff in 1896^ 

Whether these luminous highways are due to material 
condensations, or merely indicate tracks of electrical excite 

1 Monthly Nohces vol xlvii p 24 

s Jonrn Liv Astr Soc yoI v p 150 

8 Mouchez Oomptes J^endus t cvi p 912 H C ‘Wilsoii Astr and Astro 
physus vol xiii p 192 

^ Astr Nach No 3366 
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ment they axe equally communicative upon one point The 
connection by their means of stars mto rows virtually de 
monstrates their real ahgnment and thus considerably 
stiengthens the presumption that the linear arrangement 
prevalent in clusters is no optical illusion but depends upon 
intrinsic conditions the outcome of universal laws 

The wonder of this aggiegation of stars and nebnioe has 
been enhanced by Professor Barnard s discoveries In 1 8 9 0 
he detected visually a bright round object lihe a comet with 
out appendages m such close proximity to Merope as to form 
with It probably a nondescript binary combination Then 
three years later ^ two exposures with the Willard lens brought 
into view a set of curving streaks issuing from the duster 
as a whole and enfolding it exterioily in fai reaching dim 
nebulosity Its genetic history can hence be judged to be 
stiU at an early stage, yet the unity marking it is alieady 
singularly diversified Many orders of stars are there gathered 
together into what might be called a mimature sidereal system 
the largest of such surpassing glory as to dim by compaiison 
the splendour of Smus and Vega The ‘ act of ordei in this 
peopled kingdom is not easy to divine , we can only see 
that the mutual relations of its denizens must be highly 
intricate Within the wide framework of the association 
room IS found for subordinate groupings of various characters 
and degrees of closeness from stars far apart but drifting 
in company to pairs as unmistakably united by contiguity as 
two nuts withm the same shell Thus the pohty governing 
the entire system of the Pleiades would seem to be of the 
federative kind Nor can we be yet sure that its bonds, 
while evidently so loose as to give unshackled play to local 
liberties, are nevertheless sufficiently strong to restrain the 
slow workings of disruptive tendencies 


^ Astr Ndch No 3018 
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CHAPTEE XVIII 

STAB CLTJSTEKS 

About five hundred clusters are at present tolerably well 
known to astronomers and a large number besides, their 
character rendered ambiguous by distance, are probably m- 
cluded amring both resolvable ” and unresolved nebulse 
Such aggregations may be broadly divided into irregular 
and globular clusters Although as might have been 
expected the hne of demarcation between the two classes 
IS by no means sharply drawn, each has its own marked 
pecuharities 

Irregular clusters are framed on no very obvious plan, 
they are not centrally condensed they are of all shapes and 
their leading stars rarely occupy critical positions The stars 
in them are collected together to a superficial glance much 
after the fashion of a flock of birds Alcyone, it is true, 
seems of primary dignity among the Pleiades, and the Pleiades 
may be regarded as typical of irregular clusters, yet the 
dommance, even here, of a central star may be more apparent 
than real 

The arrangement of stars m clusters is nevertheless far 
from being unmethodical even though the method discernible 
in it be not of the sort that might have been anticipated 
It seems inconsistent with movements in closed curves, 
and suggests rather the description of hyperbolic orbits 
Yet its true nature must obviously be greatly obscured to 
our perception by the annulment, through perspective of 
the third dimension of space whereby independent group 
mgs pi ejected indiscriminately side by side aie rendered 
barely if at all recognisable That they should, under these 
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circtimstances, stand out to any extent is moie surprising 
than that they should sometimes be inextricably entangled 
with sprinkled stars helongmg to the fore or background 
The nebulous bnkiTig together of a septuple set in the Pleiades 
assures us nevertheless that star-ahneations are not lUusory 
Nearly all observers have been impressed with the 
streammg and reticulated character of many stellar assem 
hlages Thus where the feet of the Twins dip into the Milky 
Way, an object is encountered so marvellously striking 
with a large telescope that ‘ no one could see it foi the first 
time Mr Lassell declared without an exclamation A 
field 19' m diameter ‘ is perfectly full of brilliant stars un 
usually equal in magnitude and distribution over the whole 
area Nothmg but a sight of the object itself can convey an 
idea of its exquisite beauty ^ Admiral Smyth described it 
as a gorgeous field of stars from the mnth to the sixteenth 
magmtudes but with the centre of the mass less rich than 
the rest Erom the small stars being inclined to foim curves 
of three or four and often with a large one at the root of the 
curve it somewhat reminds one of the bursting of a sky 
rocket ^ A photograph of this cluster ® by Professor Barnard 
reproduced in Plate XI Eig 1 leaves veiy little doubt of its 
intimate galactic affinities The smuous lines of stars that 
compose it^ although more closely entangled than the similar 
catenary arrangements on the less crowded parts of the plate 
can scarcely be orgamcally distinct from them 

Yet the radiated aspect of stellar throngs lends them a 
quasi individuality The singular looped confoimation visible 
in the gold dust cluster in Auriga (M 3 7) attracted the atten 
tion both of d Arrest and Lord Rosse,® about one hundred 
connected stars m Ophiuchus (N GO 6494) ‘ run m hues and 
arches ’,® a superb assemblage in Cassiopeia (NGC 7789) 
was described by Lord Eosse as formed of jagged branches with 

^ Monthly Notices vol xiv p 76 
Cycle p 168 (Chambers s ed ) 

35=NGO 2168 Nebulae and clusters thioughout this volume 
are distinguished by Messier s well known numbers when among the 103 
enumerated by him otherwise by Dreyer s in the New General Catalogue 
4 Seochi Atti dell Accad Font t vii p 72 
s Trans B Irish Acad vol ii p 51 
® Fhil Trans vol cxsui p 460 
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dark holes between, and by Dr Eoberts, from his photographs, 
as exhibiting curved and wreathed patterns m stars ^ The 
constituents of a large group near the Poop of Argo (N G- C 
25 e"?) struck the elder Herschel by their arrangement “chieflym 
rows illustrative, to his mind of the mechanical complexities 
of such systems Each row he observed while possessing its 
own centre of attraction will at the same time attract aH the 
others , nay, “ there must be somewhere in all the rows to 
gether the seat of a preponderatmg clustering power which 
will act upon all the stais in the neighbourhood * Specula 
tions indeed upon the dynamical relations of stars in rows 
are still premature nor are they hkely for some time to come, 
to be accounted as ‘ of the order of the day But the con 
tinual recurrence in the heavens of this mode of stellar aggre 
gation cannot fail to suggest the development of plans of 
systemic dissolution and recomposition on a grand scale, and 
mvolving the play of, by us unimaginable forces 

The more attentively clusters are studied the more intri 
cate their construction appears That which challenged 
Herschel s notice is not singular in intimating a league of 
several co ordinate groups There is rarely evidence in the 
conformation of irregular clusters of their bemg governed 
from a single focus of attraction , there are frequent mdica 
tions of the simultaneous ascendancy of several A cluster m 
Sagittarius (NGC 6451) is distinctly bifid It was re 
marked by Sir John Herschel at Feldhausen as “ divided by a 
broad vacant, straight band / and his figure shows the 
separation as absolutely complete the sections, 

lake ohffs which had been rent asunder, 

facing each other with a chasm between 

A beautiful cluster in Sobieskis shield (M 11) first noted 
by Kirch in 1681, seems to be extensively dislocated Sir 
John Herschel succeeded by the use of high powers, in break 
mg it up ‘ into five or six distinct groups with rifts or cracks 
between them * Father Secchi perceived in it a three lobed 

1 Celeshal Photographs vol i p 129 
2 Ph^l Trans vol civ p 269 
® Cape Observations p 116 
4 Phil Trans vol cxxui p 462 
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central vacuity , 1 and M Fenet who in 1895 mapped from 
Dr Eohertss photographs 395 of its components ^ remarked 
their most likely progressive separation into seven or eight 
distinct allotments 

Plate XYI shows M 11 m its Milky Way location as 
photographed hy Professor Earnard with the "WiEard lens 
In his opmion it is hardly questionable that the cluster 
(here necessarily contracted mto a simple clump) really acts as 
nucleus to the vast star clouds ® attached to it like voluminous 
wings But how strangely related such a nucleus must he to 
such a formation ' 

This glorious object (as Sir John Herschel called it) can 
just be made out with the naked eye on a perfectly clear 
night Halley mentioned it in 1716 as ‘ of itself hut a smill 
obscure spot, hut with a star that shines through it which 
makes it the more luminous ^ Some years later Derham 
found it to he ‘ not a nehulose, hut a cluster of stars somewhat 
hke that which is in the Milky Way ® A catalogue of two 
hundred of the components prepared in 1870 by M Helmert, 
of the Hamburg Observatory ® provides material for the future 
mvestigation of relative changes 

The presence in a cluster in Monoceros (FT GO 2269) of 
“ a double seat of prepondeiatmg attractions was observed by 
Sir Wilham Herschel , ^ and a throng of some two hundred 
stais in Cancer (M 67) discernible with an opera glass falls 
no less obviously into two divisions ® In a collection seen at 
Parsonstown to he riddled with absolutely dark lanes and 
openings ^(HGO 2548) the principle of local self govern- 
ment has evidently been already carried a long way A 
‘ reticulated mass of small stars in Cygnus (HGC 6819) 
was there described as a most gorgeous cluster, fvll of holes , 
and the drawing puhhshed by Lord Eosse depicts a winding 

1 AtU dell Accad Font t vii p 75 
2 Bull 8oc%4U Astr de France 1895 p 86 
® Astroph Journ vol i p 11 
^ FMl Trans vol xxix p 392 
® Ibid vol xxxvm p 72 

® Publicationen der Hamburger Sternwarte 1 1874 
Phil Trans vol civ p 268 

® Smytli Cycle p 241 L Fenet L Astronomic t vx p 146 
^ Trans B Dublin Soe vol u p 66 
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ribbon of stars inclosing three blank circular spaces of sym- 
metrically varying diameters 

Among the ‘ curiosities of the heavens are to be reckoned 
clusters within clusters Thus a large loose collection m 
Gemini (NG-O 2331) mvolves a neat group of six or 
seven stars close together and weE isolated from the rest ^ 
A parallel instance is met with in!N'GC 2194 situated where 
the Milky Way passes between Gemini and Orion , and within 
the bright cluster M 6*7 m Cancer, Dr Eoberts was struck 
with a knot of five stars of tenth to twelfth magnitudes 
their photo images touching If they should be proved 
he added to be physically connected the revelation would 
be astounding ^ 

Star groupings of singularly defimte forms &equently 
occur A triangular swarm (NGO 7826) presents itself 
in Cetus, a rectangular area m Yulpecula (HGG 6802) 
is densely strewn with fine stai dust Clusters shaped like 
half open fans are tolerably numerous One in Gemi n i if 
removed to a sufficient distance would appear according to Sir 
John Herschel as a fan shaped nebula with a bright point 
like a star at the vertex Another specimen of an acut- 
angular cluster 2' in length (NGC 7510) is bounded by 
two principal lines of stars drawing to one ® 

In Cygnus is an oval annulus 4' across (FGO 7128) 
of stars centrally surroundmg a ruddy one of the nmth 
magnitude A similar elhptical group with a double substi 
tuted for the red star is centrally placed in one of the two 
great adjacent clusters in Perseus (HGC 869)'* This 
superb object like the scarcely inferior assemblage (NGC 
884) it immediately precedes was regarded by Herschel as 
merely a protuberance of the Milky Way and his intmtion 
was probably correct The two together form a telescopic 
pageant such as m the wildest flight of imagmation 
Hipparchus could httle have dreamed would one day be un 
rolled before the eyes of men out of the cloudy spot in the 
sword handle of Perseus which he (it is said) was the first to 

1 Trans R Dublin Soc p 56 
2 Celestial Photographs vol i p 69 
3 Phil Trans toI cxxiii pp 476 503 
4 J Herschel Phil Trans toI csxiii p 373 
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detect Their physical connection has been denied^ and 
remains unproven , yet it is strongly asserted to the eye 
The second grouping (known as ‘ ^ Persei ) was micro- 
metricaUy investigated by Vogel in IBS'? 70 photographically 
by 0 Lohse in 1884^ with the result from the comparison 
of 172 stars, of demonstratmg their fixity durmg an interval 
certamly too short for the development into visibility of such 
tardy movements as were alone likely to be m progress A 
rapid spectroscopic survey executed by Vogel March. 30 
1876® disclosed no peculiarity m the light of the com 
ponents, but Mr Espin has since recogmsed among them 
nme red stars with faintly fluted spectra The brilhancy of 
this splendid throng suggests that it may be less exorbitantly 
distant from the earth than most other objects of its class 
A fine photograph, in which ‘ festoon hke gioupings are 
conspicuous was taken of it by Mr Eoberts at Maghull, 
January 13 1890^ That by Professor Barnard reproduced 
m Plate XI Fig 2 shows at a glance owing to its smaller 
scale the essential duplicity of the Sword-handle ’ cluster 
The famous tinted cluster about k Crucis can only be seen 
from southern latitudes And it must be confessed that with 
moderate telescopic apertures it fails to realise the effect of 
colour implied by Sir John Herschel’s comparison of it to a 
gorgeous piece of fancy jewellery A few reddish stars 
catch the eye at once, but the blues greens and yellows 
belongmg to their companions are pale tints more than half 
drowned in white light Some of these stars are suspected of 
considerable mobihty During his visit to the Cape Herschel 
determmed the places of 110 all mcluded m an area of about 
^ of a square degree® and the process was repeated and 
extended to 130 components by Mr H C Bussell of Sydney 
m 1872® The upshot was to bring out discrepancies which 
if due to real movements would be of extreme interest But, 
under the circumstances they only raise a distant suspicion of 
change smce Herschel s measurements were necessarily too 
hasty to be minutely rehable 

^ Smytli Cycle p 60 ® ji.str Nach IsTo 2660 

® Der SternJiaufen x p 31 

* Monthly Notices vol 1 p 315 

® Cape Olsermtions p 17 ® Monthly Notices^ vol xxxin p 66 
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In the constellation Cancer may be seen, any fine night in 
winter a blot of dnn hght placed midway between two fourth 
magnitude stars The stars were caUed by the ancients the 
Asses Aselh the interposed cloudlet representing to their 
fancy a 'Manger, Proese^e Since its disappearance was 
reckoned a sure presage of rain,^ a good deal of popular 
attention was paid to it and its stellar constitution was one 
of the earliest telescopic discoveries, but only preliminary 
steps have been taken towards its exact investigation Of its 
components thirty are measurable on Eutherfurds photo- 
graphs, and 363 were mapped over an area of three square 
degrees by C Wolf some sixteen years later eighty two among 
them being carefully determined as pomts of reference for then 
fellows® Asaph Halls catalogue for 18 VO of 
stars has already been turned to account by Schur of 
Gottingen for testing the relative fixity of 45 among their 
number,® previously (m 1858) measured by Winnecke with 
the Bonn hehometer,* but no assured results as regards 
either their concerted or their mdividual movements have 
yet been elicited Most of the stars in Pr^sepe yield spectra 
of the solar type® 

The particles of a drop of water are not m more obvious 
mutual dependence than the constituent stars of globular 
clusters, the most magnificent objects’ m the elder 
Herschels opinion, that can be seen in the heavens Were 
there only one such coUection the probability of its separate 
organisation might be reckoned infinitely infinite’ and one 
hundred and eleven of them were enumerated by Sir John 
Herschel in 1864 It does not however foEow that toe 
systems thus constituted are of a permanent or stable 
character , theu configuration, in fact points to an opposite 
conclusion There may of course be an mdefinite number of 
arrangements by wbich the dynamical equilibrium ^ ^ 

of stars’ could be secured, there is only one which the 
present resources of analysis enable us distinctly to conceive 

1 Aiatus D^ose■m^a VT 160 180 266 Theoptiastus Ds 8 ^gn 1 .s riumarum, 

ed Hemsms p 419 

2 Qomptes Mendus t xcv p 333 

* Astr Mitth der Gottingenschin Sternwart6 1896 

4 Bid rh 11 JSTature vol In p 515 

5 Pickering Earmrd Annals vol xxvi pt ii p 264 
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This was adverted to many years since hy Sii John HerscheP 
Equal revolving masses, uniformly distributed throughout a 
spherical space would he acted upon by a force varying 
directly as the distance from the centre The reason of this 
IS easily seen, for the further out a component of such a 
system is located the more matter there will be inside, and the 
less outside its orbit The strength of the central pull thus 
reaches a maximum at the surface of the sphere the velocity 
by which it is balanced growing in the same piopoition 
Elhpses described under these conditions would all accord- 
ingly have an identical period , whatevei their eccentricities 
in whatever planes they lay in whatever direction they were 
traversed each would remain invariable , and the harmony of 
a system in which no peiturbations could possibly arise would 
remain unbroken for ever provided only that the size of the 
circulating bodies and the range of their immediate and intense 
attractions were insignificant compared with the spatial intei 
vals separating them 

But this state of nice adjustment is a mere theoretical 
possibihty There is no likelihood that it has anywhere an 
actual existence , and the stipulations upon compliance with 
which its realisation strictly depends are certainly disregarded 
in all the stellar groups with which we have any close 
acquaintance The components of these are neither equal 
nor equably distributed Central compression over and above 
the merely apparent effect of the gradually increasing depth 
of the star strata presented to the eye is markedly effective 
in globular clusters Professor Pickering from careful photo 
graphic counts of the three typical specimens ca Centauri 47 
Toucani, and M 13 (in Hercules) deduced the rule that the 
number of stars per square minute of arc increases in arith 
metical progression with approach to the middle point ^ Eeal 
crowdmg thus intensifies the blaze where the stars lun 
together even with powerful telescopes into an indiscriminate 
silvery effulgence 

Sir J ohn Herschel acknowledged his embarrassment in even 
trying to imagine the conditions of conservation of such a 
system as that of co Centauri or 47 Toucani without admitting 

^ Outlvfies of Astronomy 9tli ed p 636 

Earmrd Annals vol xtvi pt ii p 218 
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repulsive forces on the one hand or an interposed medium 
on the other, to keep the stars asunder ^ Thus compacted 
into a whole they might he thought, instead of revolving 
indiYidually te supposed to rotate m their corporate capaci y 
as a single body Rut the establishment in such aggiega 
tions of a “statical equilibrium by means of an 'interpose 
medium, is assuredly chimerical The hypothesis of their 
rotation in one piece is countenanced by no circumstance 
connected with them It is decisively negatived by their 
irregularities of figure The sharp contours of bodies whirl 
mg on an axis are nowhere to be found among these ® 

Their streaming edges betray a totally different mo e o 

* Globular clusters commonly present a radiated appearance 
m their exterior parts They seem to throw abroad feelers 
into space The great cluster m Hercules is not singular 
m the display of hairy-lookmg curvihnear branches That 
in Canes Yenatici (M 3) has rays running out on every side 
from a central mass in which several smaU dark holes were 
disclosed by Lord Rosses powerful reflectors showing pre y 
plainly that the spiral tendency visible m the outer regions 
penetrates in reahty to the very heart of the system Erom 
a well known cluster in Aquarius (M 2) streams of stars 
branch out taking the direction of tangents 
Ophiuchus (M 12) is provided with long stragghng tentacles 
of a slightly spiral arrangement according to the same 
authority And a remarkable assemblage in Coma Berenices 
(M 53) was described by Herschel and Baily as a fine com 
pressed cluster with curved appendages hke the short claws 
of a crab running out from the mam body ’ * The peculiarity 
m question is the more sigmficant that it is shared by many 
undoubted nebulae 

We find it difficult to conceive the existence of streams 
of stars that are not flomTig , and accordmgly the persistent 
radial alignment of the components of clusters me^tably 
suggests the advance of change whether in the direction of 


1 Odper Obsermhons p 139 
Trms M Dub Soc vol n p 132 
3 Ibid p 162 

4 FMl Trans vol cxxm p 4=58 
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concentration or of diffusion Either the tide of movement is 
setting mward, and the clustering power (to use a favourite 
phrase of Sir William Herschels) is still exerting itself to 
collect stars from surrounding space, or else a centrifugal 
impulse predominates, hy which full grown orbs are driven 
from the nursery of suns in which they were reared to seek 
their separate fortunes and enter on an independent career 
elsewhere But the question as to whether separatist or 
aggregationist tendencies prevail in globular clusters is for the 
present beyond the range of profitable discussion All that 
can be said is that after the lapse of some centuries, photo 
graphic measurements may help towards deciding it 

An object visually resembling a blurred star below the 
fourth magnitude, was named by Bayer co Centauri It never 
rises in these latitudes, but Herschels great reflector revealed 
it to him at the Cape as a ' noble globular cluster, beyond all 
comparison the richest and largest object of the kind in the 
heavens ^ The stars contamed in it are strictly speaking, 
innumerable About 6400 have been enumerated from the 
best photographic plates,^ but a residuum of mottled haze 
indicates the reckomng to be far from exhaustive Those 
individualised are nearly all brighter than the fourteenth, 
fainter than 12 5 magnitude, and no less than 125 among 
them have been found by Professor Bailey to flash and fade in 
periods ranging from 475^ to 6^ ll'^ The diameter of this 
stellar swarm is put at 40^ but some 1600 of its apparent 
constituents are held to belong to the general population of 
the sky 

The loveliness of the cluster 47 Toucani neai the Lesser 
Magellanic Cloud was to HerscheFs view set off by a diversity 
of colour between an interior mass of rose tinted stars and 
marginal strata of purely white ones^ But the effect was 
doubtless subjective , it met with no later recognition , and to 
the present writer, m 1888 the sheeny radiance of this 
exquisite object appeared of uniform quality from centre to 
circumference A photograph of it, secured November 17, 

^ Cape Observations p 21 

® Astr aiid Astrophyncs vol xu p 691 Karvard Annals, vol ixivm 
p 5 (Bailey) 

® Cope Observations p 18 
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1902, at the Eoyal Observatory Cape of Good Hope is 
throngh the kindness of Sir David Gill, reproduced in Plate 
XII Fig 2 Probably no other cluster exhibits an equal 
degree of compression Within a sphere of 11' radius are 
included nigh upon 10,000 stars of which 5019 have been 
actually counted^ The blankness of the surrounding sky 
renders 47 Toucani all the more obvious to unaided sight , it 
was indeed, for several nights after his arrival in Peru 
mistaken by Humboldt for a cornet^ Only eight variables 
have been detected in it — a scanty gleaning compared with 
the rich harvests gathered in co Centauri and in the starry 
spheres M 5 and M 3 situated in Serpens and Canes Venatici 
respectively The last named collection shelters at least 132 
flickering lights being one in seven of its individualised 
components Those of seveial other clusters nevertheless shine 
with remarkable stability , and these contrasts seem unrelated 
to diversities of structure or quality in the groups manifestmg 
them 

The gradations of lustre are in many of these aggrega 
tions, distributed on a clearly traceable plan As a general 
if not an invariable rule the smaller stars are gathered 
together in the middle while the bright ones interpenetrate 
them in lows and branches Thus of a magnificent cluster 
in Sagittarius (M 22) known since 1665 the central portion 
accumulates the light of multitudes of excessively minute 
and IS freely sprinkled over with larger stars Sir John 
Herschel remarked of a cluster in the southern constellation 
of the Altar (X G C 6752) The stars are of two magnitudes , 
the larger run out in lines like crooked radu the smaller are 
massed together in and around the middle ^ A similar 
arrangement was noted by Webb^ in the Canes Venatici and 
Coma Berenices clusters (M 3, M 53) as well as in the 
imposing collection in Serpens above referred to the more 
condensed part of which (compared by Sir John Herschel to a 
snowball) seems as if ‘ projected on a loose irregular ground 
of stars ® 

^ Bailey JSarvard Awmls vol xtiyiii p 249 
Cosmos (Ott6 s trans ) vol iii p 192 
^ Ca;p6 OlsermUons p 119 
^ Student vol i p 460 
® Phil Trans vol czxui p 369 
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Irregularities of distribution m clusters assume at times 
a highly enigmatical form At Parsonstown in 1850^ three 
dark lanes, meeting at a point considerably removed from 
the centre were perceived to intenupt the brilliancy of the 
globe of stars in Hercules (M 13) They were afterwards 
recognised by Buff ham and Webb and recorded themselves 
with emphasis in a photograph taken by Dr Eoberts in 1887 
Globular clusters in Ophiuchus (M 12) in Pegasus (M 15) ^ 
and in Canes Venatici (M 3) appear to be similarly tunnelled 
Preconceived ideas as to the mechanism of celestial systems 
are utterly confounded by phenomena not easily reconcilable 
with the piosecution of any ordeily scheme of circulatory 
movement The seeming rifts however are not absolutely 
vacant A study of the cluster in Hercules (M 13) by 
Ml H K Palmer^ from plates exposed with the Crossley 
reflector brought out the singular fact that its components 
fall generally into two orders the distribution of which is 
radically different The faint stais, or those below 13 5 
magnitude are scattered with fair uniformity throughout a 
spherical space, those brighter obey a streaming tendency 
and the gaps between their ramifications show as dark lanes 
The same explanation is doubtless valid in all similar cases 
Differences of distance are alone adequate to account for 
the variety of texture observable in globular clusters That 
in Aquaiius for instance hkened by Sir J ohn Herschel to “ a 
heap of golden sand, might very well be the somewhat coarse 
grained Hercules group withdrawn as far again into space 
At a still further stage of remoteness the appearance would 
presumably be reached of a stellar throng in the Dolphin 
(HGC 6934) which with low powers might pass for a 
planetary nebula but under stronger optical compulsion 
assumes the granulated aspect of a true cluster And many 
more their genuine nature rendered impenetrable by excessive 
distance are possibly reduced to the featureless semblance of 
“ irresolvable nebulae 

But there are real as weE as apparent diversities m these 
objects Although smaller and more compact clusters must, 

^ Trans vol cli p 732 
2 Webb Cel Objects p 372 
® Astrojjh Journ vol x p 246 
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on the whole he more remote than large loosely formed ones 
yet this argument Sir Wilham Herschel remarked ' does 
not extend so far as to exclude a real difference which there 
may be in different clusters not only in the size but also in 
the number and arrangement of the stars There may he 
globular clusters with components of the actual magnitude of 
Sinus , otheis, optically indistinguishable from them may be 
*^gg^®g3,ted out of self lummous bodies no larger than Mars 
or even than Ceres or Pallas Our total mabihty to locate 
them in space leaves us without the means of judging Nor 
are we likely to be better provided m this respect for an 
indefinite time to come All that can be done is to make a 
and trace the consecj^uences Let our example be 
the great cluster m Hercules 

“ This IS but a little patch HaUey wrote in 1716 but it 
shows itself to the naked eye when the sky is serene and the 
moon absent ^ Messier termed it n^buleuse sans 4toiles , ^ 
yet a twinkling mdieative of its stellai character may 
be caught with a telescope foui inches in aperture , and a 
powerful instrument resolves it to the core Within the 
piecincts of Halley s little patch Sir William estimated 
fourteen thousand staris to be cribb d cabined and confined ' 
The apparent diameter of this object includmg most of 
the “■ scattered stars in streaky masses and hnes * which form 
a sort of ‘ glory round it is 18', that of its truly spherical 
portion may be put at 14' Now a globe subtending an angle 
of 14' must have a real diameter of its distance from the 
eye, which if we assume to be such as would correspond to a 
parallax of ^ of a second, we find that the cluster outhers 
apart measures 1 600 000 millions of miles across Light in 
other words occupies about ninety seven days in traversing 
it while it needs sixty five years to journey thence hither 
Its components may be regarded on an average as of 13 5 
magnitude, and Mr Palmer reckoned at 5482 the number 
distinctly prmted on the Crossley plates 

If then 5500 stars be supposed uniformly distributed 
through a sphere 1 600000 million miles in diameter an 

^ Phil Trails vol xxix p 392 
2 Oo7hn des Tem^% 1784 p 233 
® Ph%l Trans vol cxxm p 458 
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interval, roughly of 61 000 million oi more than twenty 
five times the distance of Neptune from the sun, separates 
each from its nearest neighbour^ Upon a spectator in an 
intermediate situation six stars (besides crowds of graduated 
inferiority) would shine with about sixteen times the lustre 
that Sinus displays to us Yet since 625 million stars of 
this brilliancy would be needed to supply the light we receive 
from the sun the general illumination of the cluster cannot 
greatly exceed the qualified darkness of a star lit night 

At its surmised distance our sun would appear as a star 
of 6 3 magnitude, it would shine that is to say about *760 
times as brightly as an average one of the grouped objects 
Each of these accordingly emits light , and 

if of the same luminosity relative to mass as the sun it 
exercises just 2 ^ of the solar attractive power The mass 
of the entire system of 5500 such bodies is accordingly 
less than one -third that of our sun This may be 
regarded as a minimum estimate The probabilities are m 
favour of the cluster being vastly more remote than we have 
here assumed it to be , hence composed of larger or brighter 
and presumably more massive individual bodies than results 
from our calculation 

No insight has yet been obtained into the mode of forma 
tion of globular clusters Their antecedent state remains 
wholly obscure True nebulosity appears to be absent fiom 
them All those examined by Professor Barnard with the 
great Yerkes refractor proved throughout unmistakably stellar 
The nebular relations of less condensed groups are on the 
other hand frequently very close, and their photographic 
study has amply justified the conjecture that the two classes 
of object form an unbioken series — that clusters exist in 
every stage of development from nebulae and that the advan 
cing condensation of many nebulae will eventually transform 
them into veritable clusters Suggestions to this effect derived 
from analogies of form ^ are corroborated by numerous observa 
tions of the actual coexistence with grouped stars of nebulous 
masses The Pleiades is the palmary but not a solitary 

^ See Mr J E Gore s analogous calculations in Journ Liv Astr ^oc 
vol V p 169 Stvdus m Astronomy p 80 (1904) 

Lockyer Froc Jt Society vol xliv p 29 
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instanct ol a hybrid system A bright clustei of the same 
general character in Sagittarius (NGC 6530) is obviously 
connected with a great nebula (M 8) in the meshes of which 
it seems as if entangled Yet the two formations aie not 
strictly concentric The cluster follows while it overlaps 
the nebula Nor do the cosmic fioccules adheie so closely to 
individual stars as in the Pleiades Platt XII Pig 1 shows a 
photograph of the combination taken at Areqmpa with the Bruce 
telescope June 11 1896 and a group of nebulous stars in the 
immediate neighbourhood was detected by Professoi Barnard 
on a plate exposed during four and a quarter hours June 
25 1892 

A suggestive photograph of a ' cloudy vortex ^ in Mono- 
ceros (NGrC 2237 39) was taken by Dr Roberts, March 5 
1899 Within a series of annular undulations (so to call 
them) of nebulous matter covering a sLy space one degree 
across a straggling cluster is centrally situated The associated 
effect strongly recalls that of Nova Persei with its web of 
glimmering whoils and intimates possiblj an analogous 
genetic tie 

The spectra of clusters while in the main continuous 
are probably not devoid of individual peculiarities Sir 
William Huggins was struck in 1866 with the absence of 
red rays from the analysed light of the great cluster in 
Hercules, and perceived in it iiicgularities due either to bright 
or dusky bands ^ They were construed in the latter sense by 
Vogel in 1871,^ since when the inquiry has been unaccountably 
neglected With the poweiful instruments of modern con- 
struction, it might nevertheless be profitably extended by 
spectrographic means to many globular assemblages , and the 
results to be expected from it are a s%ne qud non for advancing 
much further our imperfect acquamtance with them 

^ Harvard Circular No 15 

^ Mrs Koberts Journ Brit Astr A^s vol xii p 111 see also Barnard 
Astr Nach No 2918 Astr and Astrophysics vol xxii pp 178 642 
^ Phil Trans vol clvi p 389 
^ istr Nach No 1864 
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THE EOKMS OF NlBULiE 

The fantastic variety of nebular foims was long a subject of 
vonder, and although wonder in the Baconian phrase be 
broken knowledge the fragments were not readily pieced 
together Inchoate worlds disclosed with astonishing pro- 
fusion by great telescopes seemed like mere sports of nature 
in the sidereal spaces Nebulae were to be found in the 
semblance of rings fans brushes spindles , they abounded m 
planetary cometary elliptical branching varieties, nebulous 
shields embossed with stars or tasselled like the aegis of 
Athene displayed themselves as well as nebulous discs rays, 
filaments triangles parallelograms twin and triple spheres 
One nebula thought to resemble the face of an owl was 
named accordingly , another suggested a crab , a third a 
swan , a fourth (the great Orion formation) became known as 
the Fish Mouth nebula from its supposed likeness to the 
gaping jaws of a marine monster Fancy ranged at large 
through this wide realm attempting to familiarise itself 
with the strange objects contained in it by finding for them 
terrestrial similitudes 

Within the last few yeais however — indeed it mxy be 
said since the completion of the Eosse leflector in 1845 — 
nebular inquiries have entered upon a new phase A ^ glim 
mermg of reason has begun to hovei over what long appeared 
a scene of hopeless bewilderment With improved telescopic 
means — above all with the aid of photography — structure has 
become increasingly manifest among all classes of nebulae 
Structure not of a finished kind but indicating with great 
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piobability the advance of formative processes on an enormous 
scale both as regards space and time Masses that seemed 
ill but amorphous when imperfectly seen show to a keener 
scrutiny nodes and nuclei of condensation , curving lines of 
light telling of the presence of movement and foice furrow 
them, they are perceived to be rifted as if by a colossal 
thunderbolt or riddled as if by a portentous cannonade 
Simple milky effusions prove to be far less common than had 
been supposed and excessive complexity of constitution is 
already a recognisable characteristic of most nebulae 

It IS one which adds greatly to the interest of their study 
For as the curious details of their organisation are laid bare 
by the intricate inequalities of their light the prospect grows 
hopeful of gaining some insight into the nature of the systems 
formed by or in preparation from them Optical discoveries 
while gradually acquiring physical significance are helpmg 
to lay the foundation of a nebular theory emanating from 
augmented knowledge and the discreetly adventurous thoughts 
which it may be supposed to countenance 

Meanwhile some mode of nebular classification has to be 
idopted for the guidance of our ideas , and since their rapid 
modificition through fresh detections allows no arrangement 
to be at present more than provisional it will be best to 
depart as little as possible from that already in use We 
may then for descriptive purposes divide nebulae into the 
following eight classes, which, nevertheless frequently over 
lap so widely as to be baiely distinguishable — (1) Nebulous 
stars 5 (2) Planetary nebulae , (3) Annular nebulse , (4) Comet 
aiy nebulae, (5) Spiral nebulae, (6) Double nebulae, (7) 
Elliptical nebulae , (8) Irregular nebulae 

In the course of one of his reviews of the heavens Sii 
William Herschel discovered a star in Taurus perfectly in 
the centie of a faintly luminous atmospheie about 3' in 
diarnetei ^ The consideiation of this object (NGC 1514) 
md of some others like it led him in 1791 to the memorable 
conclusion that there exists in space a shining fluid of a 
natuie totally unknown to us Nothing indeed could be 
( Icaicr than that the nebulosity about the star was not of 
i staiiy nature and there is ]ust as little doubt that it is 
Phil Trans vol Ixxxi pp 71 82 
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no atmosplieie in the ordinary sense of the word This is 
demonstrated by its extent alone For the ^ glow lound 
Heischel s pattern nebulous stai fills a spheie by a moderate 
estimate thirty times as wide oi 27 000 times as capacious 
as that enclosed by the oibit of Neptune, and the Eosse 
telescope disclosed irregularities of illumination within it ^ 
entirely inconsistent with the prevalence of gaseous ecjuili 
brium Thirteen nebulous stars were enumerated by Heischel 
and many have since been added to them A fine specimen 
in Eiidanus was picked up by Swift in 1859 , a small stai 
in TJrsa Major came out strongly burred on one of Di 
Eobertss plates in 1889 / and Professoi Barnard s photo 
giaphic explorations have yielded numerous examples of i 
similar nature sometimes associated into multiple groups 
Among Sir John Herschels southern discoveries was a close 
sharply defined double star surrounded by a bright luminous 
atmosphere 2' in extent ^(NG-C 5367), one of Burnham s 
close pairs is in slow revolution as alieady mentioned at the 
heait of the nebula N GC 2182 , while nebulous spectroscopic 
binaries despite their apparently incongruous circumstances 
are beginning to take rank among the ordinary products of 
the sidereal world 

A nebulous star proper forms the centre of an ill 
defined aureola , but nebulous adjuncts to stars exist in every 
variety of branches and cheveluies wisps and whorls In 
deed the sequence is so continuous between bright stars with 
filmy appendages and pronounced nebulae involving minute 
stars that it is often diflicult to say whether the stellar 
or the nebulai character predominates Thus planetary 
nebulae have with rare exceptions stellar nucler , they can be 
discrimmated however from nebulous ^tais first by then 
predominantly gaseous spectra next by the definite termination 
of their discs 

It IS then no wonder if among Herschel s nebulous stars 
one was found not strictly entitled to bear that name This 
nondescript object (NGC 2392) is situated in Gemini ind 

^ Irans L JD^ih Soc vol ii p 40 
Sidereal Messengei vol iv p 39 
® Mo7ithly Notices vol xlix p 363 
^ Cape Ohservations pp 23 107 
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that it stiuck him as something imusnal may be intened from 
his designating it one of the most remarkable phenonenaa I 
have evei seen ^ With the Parsonstown reflector it piesented 
i most astonishing appearance Herschel s equally 
diffused nebulosity was leplaced by several bright and dark 
lings various in breadth and perhaps spiral in then arrange 
ment The diameter of the combination is about 45" and 
doubts about its nature were set at rest by the dictum of the 
spectroscope D Arrest ^ found its light to be concentrated in 
the green ray of nebulium (wave length 500*7) — the cential 
star or nucleus asserting its supeiioi condensation by the dis 
play of a faint continuous radiance It is then essentially a 
nebula and geneially passes for one of the annular or 
perforated kind A truly nebulous star of a reddish colour 
makes with it (not, we may suimise fortuitously) an open 
pair at 105'^^ 

A nebula in Aquila (NGG 6781) presents analogies 
to Herschel s buried star in Gemini J Herschel con 
sidered it to be of planetaiy nature , but the Rosse reflector 
showed a sudden diminution of brightness towards the 
middle and Barnard unhesitatingly pronounces for its 
annularity ^ 

Planetary nebula were first distinctively adverted to by 
Sir William Herschel Then classification caused him a good 
deil of perplexity We can hardly suppose them he re 
marked at starting to be nebulae , their light is so uniform 
as well as vivid the diameters so small and well-defined as 
to make it almost improbable they should belong to that 
species of bodies After he had weighed and found wanting 
the hypotheses of their being actual planets belonging to 
distant suns or distended stars or comets near aphelion he 
nevertheless at last decided — ^rightly as usual in favour of 
their nebulous nature ^ 

^ PMl Trans vol Ixxxi p 81 

Trans i? JDuh hoc vol xi p 59 see also H C Key Monthly Notices 

vol xxvm p 154 om 

* Astr Nach Ko 1885 Ahhandlungen Leipzig Bd iii p 321 
Lassell Memoirs M Asti Soc vol xxxvi pp 42 61 
<* trails T Duh Soc vol ii p 59 Phil Trans 1861 p 732 
« Monthly Notices vol lx p 256 
7 Phil Irans vol Ixxv p 265 
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Fifty of them were known when Pickering began '' sweep 
ing in 1881 for ' stars with remaikable spectia and 
within a few years upwards of twenty moie were identified 
through the quality of their light alone by him and Dr 
Copeland These aie however devoid of the conspicuous disc 
which was the original badge of their class , they aie eithei 
very small or very remote planetaries , and are often dis 
tmgmshed as stellar nebulae 

A true planetaiy aspect has not indeed in iny case 
suivived the scrutiny of modern obseivers What had seemed 
equably illuminated discs are broken up by the powerful tele 
scopes now in use into brighter ind d iikei portions dis 
tnbuted in evident relation to some unknown conflict of forces 
Some of these discs include strongly marked nuclei , others a 
sprinkling of minute stars , condensation towards a spherical 
surface gives to many the aspect of a ring shaped enclosure , 
few (if any) are clean at the edges 

Not a few are seemmglj multiplex Two oi three super 
posed discs are traceable in them, hinting at a morphological 
hisboiy similar to that of disturbed comets 

® Thus a small oval planetary (NGC 6572) m 
Ophiuchus was resolved by Vogel with the great 
Vienna refractor in 1883 into three strata of 
nebulosity disposed as in Fig 28, representing 
no doubt successive sj)herical and ellipsoidal 
envelopes of diminishing luminous powei 
^ ^Sketch "of a object (NGC 6210) with an mtense 

Nebuu(vo el) Centre fading off to some distance all lound 

and hazy at the edges ^ was perceived by Vogel as tuple A 
faint oval hush (so to speak) seemed to enclose a vivid kernel 
and that again to include a stellar nucleus This nebula is 
situated in the constellation Heicules , and one of a similai 
character in Eridanus (NGC 1535) was desciibed it Pai 
sonstown as presenting a granular Nile watei blue disc 
across including a stellar nucleus and encircled with i faint 
atmosphere ^ Mi Lassell noted the combined effect as 

^ Observatory vols iv p 81 v p 294: Monthly Not%Les vol xlv p 91 
2 JPotsdam Pubhcationen ISTo 14 p 34 
® Trans E Dub JSoc vol n p 150 
* Ibid p 41 
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extraordmar) and beautiful ^ Such nebulous nebulae (to 
borrow Dr Swift s phrase) ^ are among the most enigmatical 
of celestial objects 

Of special inteiest among planetary nebulae is one lying 
quite close to the pole of the ecliptic near the star to Dracoms 
(NGC 6543) Its longei diameter (for it is slightly 
elliptical) measures about 30'', it is of a blue colour and 
shows a white star of eleventh magnitude giving a peifectly 
continuous spectrum exactly in the middle of a disc from 
which a purely gaseous one is derived Sir William Huggins s 
first experiment in the analysis of nebular light was in fact 
tried upon the planetary in Draco which has in various ways 
been used as a test object Attempts to determine its parallax 
were vainly made by d Arrest Brunnow and Bredichin ^ For 
proper motion, too it was tested b} d Ariest m 1872 with a 
similarly negative lesult During the eighty two years 
interval since a careful obseivation by Lalande in 1790 the 
nebula had remained to all appearance completely stationar;^ 
But this fixedness was really to some extent communicative 
as regards its distance from the earth D Arrest 

showed that unless this exceed a light ]Ourney of fort} seven 
yeais the nebula must have become sensibly displaced in the 
course of eighty-two years by the simple perspective effect of 
the suns advance at the late of five miles a second^ Now the 
solar velocity assuredly does not fall shoit of twelve miles a 
second while the term of the nebulas seeming immobility 
has become protracted fiom 82 to 115 years The estimate 
of its distance needs on both these grounds to be augmented , 
md we find accordingly, that its light can only reach oui 
eyes after an interval of nearly 160 years ° %f then , for it may 
spend a much longer time on the road The real size of the 
globe it emanates fiom must be vast in piopoition to such 


1 Memoirs It Astr hoc vol xxxvi p 40 

Astr Nach ISTo 3474 , . -o j i 

^ Briiiinow obtained foi H iv 37 i nominal parallax but Biedicliin from 

IK arly double the number ot observations deiived b. negative one 

nobula to be moie lemote than the tenth magnitude star with which it ivas 

compared istt Naoli No ^916 (Oudemans) Mec vol xliii p o04 


(H Sadler) 

Astr JSach No 1885 
® Concbpoudmg to a parallax of 0 02 
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extreme remoteness Hot less indeed than twenty liv( 
diameteis of the oibit ol Heptnne would be needed to meisurc 
it from side to side 

The question however might be raised as to whether the 
figure of the Draco planetary is even approximately globular 

Helicxl Irnes of structuic 
were discerned in it by 
Professors Holden and 
Schaeberle in 1888^ (see 
lig 29) and the coiling 
shape indicated w is to 
some extent confirmed by a 
photogi iph t iken at Meudon 
111 1899 ^ A large palt 
planetary in Sagitti (HOC 6905) with a closely attend 
ant star at each side^ was easily resolved into a spiral by 
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PiQ 30 — Spiial rianet-iry Nebula in (7 \ol xviii p 2jO) 


M, Antoniadi with the great Pans sideiostat ^ His driving 
reproduced in Fig 30 shows the object under a foim similar 
to that presented by the Great Whirlpool nebula until 

^ Monthly Notices \ol \lviii p 388 £*ubl ^ >S P vol i p 25 
Desliiidies Bull Astr Feb 1900 
Keelei Buhl Lick Observatory vol m p 213 
Knowledge vol x\iu p 250 
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the compelling power of the Eosse reflector was hi ought to 
bear on it 

These xie not isolated examples A considerable number 
of planetary nebnlse as we have already paitly seen manifest 
both annulai ind spiral tendenciesv In some a marginal 
brightening gives with sufficient light concentration the effect 
of a ring, in others curvilinear effects of chiaroscuro betray 
incipient spirality of conformation Since they partake of the 
nature of all the three species their classification is to a great 
extent arbitrary Five of Heischels planetaries assumed m 
fact at Parsonstown a ring shape ^ One of these (N G C 
2438), remarkably situated within the cluster M46 in Argo 
was observed not alone to be pierced with a nearly central 
cavity, but to contain two perhaps three stars towards one 
of which the exteiior nebulous ring wound spirally inward*^ 
A hole too disclosed itself in a planetary in Andromeda 
(NGC 7662) observed by Lassell as biannular a ring 
within a ling To Father Secchi it had with high powers 
the effect ot a magnificent horseshoe of scintillating points ® 
the glitter of which was also evident to Vogel ^ It is never 
theless like all the members of its class of a purely gaseous 
constitution lire biannular planetary is either hazy or 
fiinged at the edges of a bluish colour and measures 
32'' by 28"® An effusion from its south eastern extremity 
was photographed by Deslandres® 

The blue or gieenish tinge distinguishing to some extent 
all giseous nebulae is especially conspicuous in a planetary 
(KGO 3918) discovered by Sir John Herschel in the 
Centaur and described as very like Uianus only half as large 
igain its colour a beautiful rich blue between Prussian and 
verditer green ^ And a sky blue likeness of Saturn 
replaced m Mr Lassell s reflector a round faintly lucent 
object (NGC 7009) observed by Herschel in 1782 near 
the stai V Aquaiii With higher powers the disc became a 
ring 26" by 16", hazy within and without, and the whole 

1 FJi%l Trans vol cxl p 507 P 

** Astr Nach No 1018 Lss ^tObles t ii p 14 
Totsdam PnhHcationen No 14 p 37 
5 Lassell Me7nows Jd Astr Soc vol \xxvi p ol 
6 Bull Astr Feb 1900 
Gape Observations p 100 
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interior assumed under Yogels examination a curious screw- 
shaped structure ^ Professor Holden remarLed an unexpected 
point of likeness between this nebula and the one in Andro- 
meda (NGG 7662) in the possession by both of an 
interior oval ring singularly warped and twisted out of the 
central plane, the peculiarity associating them also with 
the helical planetary in Diaco The ansae or handle-like 
appendages pioducing in the object near v Aquaiii its 
resemblance to Saturn with half opened rings are a unique 
feature among nebulae First represented by Lord Eosse they 
were resolved b} Professor Holden^ into distinct luminous 
masses just traceably connected with the main body (see Fig 31) 

The analogy with satellite stars 
IS tempting but may be mis- 
leading The frequent attend- 
ance of small stars upon nebulae 
both planetary and annular long 

Fig si —A nnuUr is ebula m Aquarius attracted the attention of 

(Holden) Herschel ^ One such 

group (HOC 6818) stiuck him as exactly like a planet 
and pair of moons and stars m slow transit acioss a nebula 
of which they are the dependents may often appear projected 
upon it But not the slightest evidence of movement in these 
ancillaiy stars has yet been detected 

The typical annular nebula (M 57) was detected by 
Darqmer of Toulouse m 1779 between yS and y Lyrae It 
consists of an oval bright ring 80'^ by 60^' the intenoi of 
which IS filled with a dim nebulous haze hke gauze stretched 
over a hoop ^ Harding already in 1797 perceived irregu- 
larities in the illumination of the iing , ® and vivid patches 
emphasise the extremities of the minor axis Minima of 
light, on the contrary terminate the major axis , the nebulu 
as photographed at Her^ny Septembei 1 1886 taking some- 
what the shape of a pair of parentheses set a little apart 
thus spiral links between® With the Eosse 

^ JPotsdmi Puhhtahonen No 14 p 37 
^ Monthly NoUces vol xlviii p 391 ® Ph%l Trans vol exxm p 500 

^ Sir J ^ Outhnes of Astr p 644 9tli td 

® Holden Monthly Notices vol xxxvi p 64 
® Von Gotliard Astr Nach No 2749 



THE FORMS OF NEBIJLiE 


251 


reflector filaments of nebulosity were seen streaming outward 
from the edges , ^ and the reahty of these singular appendages 
was after fifty three years photographically attested with the 
Crossley reflector ^ 

A central star, discerned in this nebula by von Hahn at 
Remplin towards the close of the eighteenth century was 
missed by him in 1800^ and has often since evaded the 
sciutiny of better provided observers It appeared on the 
Her4ny and Liverpool photographs ^ but notwithstanding its 
intense actinic quality left no trace on plates exposed at Pans 
Hr Max Wolf s recent photographs lend some countenance 
to the explanation of these anomalies by genuine variability^ 
This insignificant light speck appears to be the very pumtum 
sahens of the surrounding nebulous organism Professor 
bchaeberles photographs taken in 1903 with a reflector of 
extraordinarily short focus display it as the origin of a pair 
of oppositely issuing branches which coiling in a clockwise 
direction produce by their amalgamation the effect of a com- 
plex ring ® Moreover the ring is now seen to be the nucleus 
of a larger formation 15^ in diameter which embraces in its 
dim folds a small nebula also a two-branched left handed 
spiiil discovered by Professor Barnard m 1893 These 
surprising results although needing full verification are re 
commended to acceptance by the unity they impart to facts 
previously disjointed and fragmentaiy 

A nebula in Cygnus (NGC 6894) might be called a 
reduced copy of that m Lyra It measures 47" by 41" the 
interror vacuity, which is partially filled with faint light 20" 
A conspicuous star is included within it*^ An object of the 
same kind in Scorpio (NGC 6337) was described by Sir 
John Herschel as a beautiful delicate ring of a faint ghost 
like appearance about 40" rn diametei Two stars or 
nebulous nodes are placed m rt exactly opposite to each 

1 Ph^l Tians vol cxxxiv p 322 
2 Keeler Astroph Journ vol x p 196 
^ Astr JaJuiuch 1802 p 10 

VonOothaid Astr NaAh Ko 2764 Spitaler %bid No 2800 
® Astr Nacli Ko 3844 
® Astif Joutn Kos 5u9 647 
7 LordRosse Trans B Irish Acad %ol ii p 156 
® Gape Ohsermtions p 114 
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other and the whole aspect of the nebiili suggests extreme 
xemoteness ^ 

Foui ring nebulae two in the northern two m the southaii 
hemisphere were known to the Herschels, and as we have 
seen many so called planetaries show mnulxr, is annulai 
nebulae show spiral proclivities Eings, in some instances, 
visibly curve inward towards a nucleus giving use to the 
variety which we have designated cometaiy nebuH Thus 
a ninth magnitude star with nebulosity xttached (N G C 
1999) appeared with the Eosse reflectoi like “a comet coiled 
into a ring ^ and was photogiaphed piecisely under the sxnu 
aspect by Dr Common in 1883^ The triple stai, t Ononis 
less than a degree distant is enveloped in x nebula of ana 
logons form which is also less dehnitely shown by the 
appendage of the star Maia in the Pleiades Sii John 
Herschels ' falcated nebula, are of the same kind On< 
such in Algo 10' in extent (NGC 3199) displxyed to him 
a semi lunar shape diffuse outside but with a sharp nine i 
edge^ Another (IT GO 346) occur<=^ far to the south in 
Hydrus A complete telescopic comet a peifect mini xture 
of Halleys ^ was encountered in Eridanus (NGC 1-J25) 
and star like condensations with brush or fan like appur 
tenances are not unfrequently entered on his lists A pan 
of small nebulae photographed by Wolf and Barnard near the 
bright star 7 Cassiopeiae® are singularly perfect examples ol 
rectilinear cometanes They imitate precisely hall -opined 
fans , the emanation from the star at the vertex has had no 
curvatuie impiessed upon it , it spieads from i point without 
enfolding it , the rotational twist seems absent 

The discovery of spiral nebulae was beyond question the 
most important lesult of the consti notion ol the gieat I toons 
town reflector Its significance is continually enhanced as the 
wide prevalence of convoluted forms among this whole class 
ol sideieal objects is rendered more lully appaient by the 
increasing advance of exploration 

The Whirlpool nebula in Canes Venatici (M 51) presents 

^ Lassell Memoirs Ji Astr Soc vol xxxvi p 47 
Irans M Dub Soc vol 11 p 50 s Observatory vol xii p 81 

^ Cape Observations pp 20 94 ^ Ibid p 61 

Astr Nadi ITos 6214 3217 Astr ami Astroph vol -xiii p 182 
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with a gieat telescope a truly amazing appearance Two 
nuclei separately citalogued by Sir John Herschel are then 
seen to be connected by an exterior faint sweep from an 
mnei system of wreathing nebulous bands These too show 
nodosities and angularities^ in obvious mutual relations as 
it the knots instead of simply forming upon the spires had 
deteiinined, or at least deflected their course A still clearer 
knowledge of their arrangement was gained through a photo- 
graph taken by Di Eoberts with four hours exposure April 
28 1889 The nebula displayed itself no longer simplj 
coiled like a watch spring but as composed of a pair of curving 
arms issuing from opposite extremities of an oval central body 
One ot these loses itself in a vague effusion as a comet s tail 
dies out into darkness , the other attains the secondary nucleus 
and there terminates The spiral character of this great vortex 
IS perhaps rendeied exceptionally conspicuous by its being 
more favourably placed than most others for our inspection 
We seem to get nearly a bird s eye view of it and are thus 
enabled to take in the design of its construction at a glance 
Its spectrum is continuous 

An object in Viigo 3' across (M 99) is a right handed 
spiral Its branches turn the opposite way from those of 
M 51 Their tendency to form nodes and angles was strik 
ingly shown in a photograph obtained in two hours by M 
von Gothard April 12 1888^ A diffuse nebulous mass in 
Triangulum (M 33) just discernible to the naked eye appeared 
with the Eosse reflector in the guise of a large spiral full of 
knots ^ Since it measures 62' by 35' its real size must 
be prodigious and its structural details are of correspond 
ing intricacy® Fundamentally however the nebula like 
all other known members of its class doubtless consists of a 
nucleus and two winding branches the complex lamifieations 
of which are of what may be called incidental origin A 
photograph of it taken by Dr Max Wolf September 26 1902 
IS with his kind peimission exhibited in Plate XIII , Fig 2 

Ouived furrows of light and shade concentrically disposed 

^ YOt,el PiihhcaHonen IN o 14 p 32 
OeUsticd Photographs vol i p 85 

‘ Vogel Jftr Nach 'No 2854 Phil Trans vol ch p 711 

® Koberts Celeshal Photographs vol ii p 85 
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are a surpnsmgly persistent featuie of the nebular multitude 
Most of those photogiaphed by Professor Keeler in 1899 dis 
closed this species of confoiination , ^ and it is as a rule 
prominently apparent in spindle nebulae despite extensive 
foieshortening These are believed to be flat discs seen more 
or less obliquely and constituting when their planes actually 
coincide with the line of sight those elusive objects designated 
by Swift hair line nebulse ^ Spiral proclivities appeal m 
fact to characteiise in some degree every form of cosmical 
agglomeration and depend no doubt upon laws presciibed for 
their development foreign to terrestrial experience 

The tendency of winding nebulous bands to become knotted 
often proceeds so far that the knots all but completely absorb 
the bands ^ Multiple groups of nebulae then appear ranged 
along curved lines the intermediate faint luminosity becoming 
perceptible only with large telescopic apertures Such is the 
curious double nebula in Perseus (M 76), noticed by the pre 
sent Lord Rosse to constitute, with subordinate nodules and 
streamers a system modelled on a reaping hook pattern ^ 
A gaseous spectrum is derived from it Similar combinations 
are met with in the southern constellation Mensa (NGrC 
2046) wheie five nebulae are disposed along an oval line and 
in a falcated nebula with three knots situated in Cepheus 
(KGC 7008) 

All the diversities of double stars it was pointed out by 
Sii John Herschel ^ have their counterparts in nebulse , 
besides which the varieties of form and gradation of light in 
the latter afford room for combinations peculiar to this class 
of objects Its membeis are surprisingly numerous one in 
sixteen of the 5079 nebulse catalogued by Herschel in 1864 
having a companion usually of the condensed spherical kind 
Most of these compound objects are nevertheless photographi 
cally resolvable into bi nuclear spirals ^ Yet the possibility 
IS not excluded that true binary nebulae may subsist and 
eventually give signs of slow mutual revolution 

A nebula in Ursa Major (NGC 3690) divided by Swift 

Astr NacK No 3601 Monthly I^oHces vol Iviii p u31 

^ Of a set of photographs by Dr Roberts Knowledge vol xx p 53 
^ Irans R Duh iioc vol n p 21 
Outlines of Astr p 647 e 4stroph Joiirn vol xi p 34/ 
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m 1885^ makes probably the closest pair known , and a 
cnrions reproduction with greatly widened spatial intervals 
of star systems like that of 7 Andromedae occurs in a triple 
nebula in Virgo, consisting of a bright round nebula attended 
at a distance of 5' by an extremely faint one which is itself 
double^ (ITGrC 6813 14) Another compound object of a 
striking character was noticed by Sir J ohn Herschel ^ in Canes 
Venatici (ISTG-C 4631) where an enormously long ray of 
nebulosity has a round dimly luminous companion a tenth- 
magnitude star placed between serving perhaps as a centre of 
attraction for both In other cases the systemic association 
of individual stars and nebulae seems tolerably obvious Merope 
in the Pleiades as we have seen claims the attendance of a 
hazy satellite , and Dr Swift observed at Echo Mountain an 
apparently quadruple star to be really composed of two pairs 
4 '' apart each consisting of a star and nebula 

A very close double nebula in G-emmi (HGC 23*71 72) 
has also an intervening star symmetrically located in the line 
joining their centres^ Cirrus like streaks of nebulosity 
partially encircle the two objects Duplicity is m other 
cases still less clearly defined Thus a pair of nebulae near 
7 Leonis (NGC 3226 27) are together enclosed in a faint 
luminous envelope the effect recalhng that of the celebrated 
Dumb bell nebula in Vulpecula (M 27) which is only 
perceived to be essentially single when the neck' uniting 

two conspicuous hazy masses is brought into view with a 
powerful telescope Sii John Herschel first observed the 
elliptical outline of the entire to be rounded out by faint 
luminosity and thus saw it in its true aspect as a large, 
diversified oval disc measuring about 5' by 8 ' It might 
indeed be called a magnified planetary nebula not devoid 
of annular inclinations The eventuality that by the 
progress of the central contraction and marginal spreading 
indicated by its present hour glass shape the chief part 
of its mass may become diffused into a ring is stiongly 

^ S%d Mess yol iv p 39 

2D Arrest Astr Nach Ko 1369 ^ Phil Irans vol cxxiii p 4.31 

4 Lassell Memoirs M. Astr Soo vol xxm p 62 Loid Rosse Fhil Tians 
vol cxl p 512 

® D Arrest Ahhandhmgen Leipzig 1857 p 325 
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suggested by the analogy of the bright spots at either end of 
the minor axis of the ring-nebula in Lyra A planetary m 
the southern hemisphere (NG-C 1365) appears in fact, to 
have already reached a more advanced stage on the same road, 
and several miniatures of the Dumb bell are included 
among that class of objects One especially in Cygnus 
(NGC 6905) depicted by Vogel with the Vienna 27 inch 
easily gives an impression of actual duplicity^ and showed at 
Parsonstown as a ‘ beautiful httle spiral It has a central 
star and four satellites Its visual spectrum, like that of 
the Dumb bell nebula is approximately monochromatic The 
leading nebular lay at 5007 concentrates nearly the whole of 
its hght 

A photograph of the Dumb-bell nebula taken by Di 
Roberts with an exposure of three hours October 3 1888 
intimates pretty clearly the advance towards completeness of 
the oval bright border of the disc^ as well as its superposition 
upon a fainter more elliptical one, visible as a kind of effusion 
at the extremities of its longest diameter Vogel s drawing ® 
likewise suggests though after a different fashion the presence 
of two elhpses one partially concealed behind the other , and 
there hence seems reason to thmk that this smgular formation 
partakes in more ways than one of the compound character 
evident in m iny planetary nebulae H or is it perhaps isolated 
m space On Professor Schaeberle s plates it appealed as the 
blight central part of a right-handed vortex , cosmical relations 
being thus ascribed to it no less extensive than those claimed 
on similai evidence for the spiral Ring in Lyra 

^ Pubhcationem Potsdam No 14 p 36 

Rabourdm Oomptes Itendus t cxxvi p 380 commented on the analogy 
between the Dumb bell and the Lyre nebulae rendered manifest by the Meudon 
photographs 

^ PubhccLtxomn No 14 p 35 



CHAPTEE XX 

THE GREAT NEBULA 

The elliptical and iiregular classes of nebulae are illustrated 
by such splendid examples that an entire volume rather than 
a single chapter might well be devoted to their consideration 
One member especially of each towers above the rest like 
Ajax among the Argive host and the two are so different 
that it IS not easy to award the palm of superiority to either 
Needless to say that we allude to the objects in Andromeda 
and Orion the types respectively of the elliptical and irregular 
plans of nebular construction 

The foimer (M 31) is the only genuine nebula which 
could easily be detected without previous knowledge of its 
existence with the unaided eye, and it is the only one accord- 
ingly which was discovered in pre telescopic times A1 Sufi 
was fa-mibaT with the ‘ little cloud ’ near the most northern 
of the three stars in the girdle of Andromeda , ^ and its place 
was marked on a star map brought from Holland to Pans 
by De Thou and believed to date from the tenth century ^ 
Simon Marius who was the first to turn a telescope upon it 
December 16 1612 called it stellam quandam admirandse 
figurse and compared its dull and pallid rays to those of a 
candle shimng by night through a semi transparent piece of 
horn Yet this strange phenomenon was only rescued from 
neglect by Boulliaud, whose attention was directed to it by 
the passage of the comet of 1664 across that part of the sky 
So surprising did the disregard of it by Hipparchus Tycho, 

^ Sdijellerup DesctijpHon des Etoiles p 120 
Le Gentil Mimoires de I Acad 1759 p 459 
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and Bayer then appear to him that he concluded it to vary 
in light, a hypothesis which derives no support from recent 

With powerful light-concentration this most magmhcent 
obiect (in Sir John Herschels phrase) assumes vast pro 
portions They were extended by G P Bond using he 
15 inch refractor of Harvard College, to cover an area of 
4 X and he probably did not reach their absolute limits 
Two adjacent nebula, one (M 32) described by Le Gentil m 
'' 1749, the other (NGC 

205) by Caroline Herschel 
m 1783, ‘undoubtedly fall 
within their compass ’■ 
The light ot this nebula 
18 “of the most perfectly 
milky, absolutely irresolv- 
able land ® It does not 
collect into floccules,’ and 
produces none of the scintil- 
lating effect giving to many 
gaseous nebulie a delusive 
appearance of resolvability 
Prom the circumference 
4-/^TTTQvda eVift pATitrft hcw- 
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yiQ 82 — structure lines of tlie Great Nebnla in. 
AuidTomeiB. (Knowledge vol xii p V6) 


ever it gradually brightens then abruptly condenses to a 
nmall nucleus of indistinct outline under high magnifying 
powers, and possibly (like the nuclei of many comets) gianu 

lated, but assuredly not stellar 

This progressive brightening inward shows nevertheless, 
interruptions On September 14 1847, Bond discerned two 
long dark rifts running nearly parallel to one another, and to 
the axis of the nebula® Their detection was a consequence of 
the widened area of luminosity perceptible with his instrument, 
the inner rift having been taken until then, for its boundary in 
that direction The outlines ot Bonds drawing are given in 
the accompanying diagram by Mr Wesley (Fig 32), in which 
the “ rifts are marked A and B C represents Le Gentil’s 


^ Bond M&TTLOirs Amer Acetd toI in p 83 
3 J Herschel, Memozrs M Astr Soc vol ii p 496 
® Avmt Acad toI m p 80 
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D Miss Herschel s attendant nebula, E an exceptionally lucent 
region crowded (it has since been found) with hosts of minute 
stars ^ 

These enigmatical appearances at last assumed an intelli- 
gible form in a photograph 


taken by Dr Eoberts, October 
1 1888^ The view given by 
this magnificent picture of 
the Andromeda nebula as a 
symmetrical, though still 
inchoate structure, ploughed 
up by tremendous yet not 
undisciplined forces working 
harmoniously towards the 
fulfilment of some majestic 
design of the Master Bmlder 
of the universe is of a 
nature to modify profoundly 
our notions as to how such 
designs obtain their definitive 
embodiment An impression 
obtained three months later 
with four hours exposure 





Fia S3 -—Spiral Structure of the Great Andro 
meda Nebula (Knowledge voL xu p 76) 


was carefully studied by Mr 

Wesley , and his tracing of the lines of conformation brought 
out on the sensitive plate is copied in Fig 33 

Bond’s " canals ’ are now seen prolonged and curved into 


two vast rings (AA and BB) which prove, on attentive con- 
sideration to he dusky intervals separating the successive 
spires of a single great stream of nebulous matter winding 
outward from near the primary to reach the secondary nucleus 
(M 32) The similarity of the relations between the two 
nuclei here and in the ‘ whirlpool nebula in Canes Venatici 
can scarcely escape notice Thousands of stars are scattered 
over and around the Andromeda nebula, the situation of 
which in a prolongation of the Milky Way perhaps sufdciently 
explains their profusion A beautiful photograph of it taken by 
Dr Max Wolf August 18 1901 with the 16 inch Bruce lens 


1 Ranyard Knowledge vol xu p 76 

2 Monthly Not%ces vol xlix pp 65 120 
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IS shown m Plate XIII, Fig 1 , and several striking pictures 
of the same marvellous object have been obtained by Mr 
Eitchey with a two foot reflector of his own construction 
Hear the centre on the oiiginal negatives, he tells us ^ ^ shaiply 
defined narrow rifts and dark holes are distinguishable all 
traces of which evade direct telescopic observation These 
pecuhar effects of chiaroscuro are probably indicative oi 
tumultuary local movements but attempts to explain them in 
detail must long remain futile 

Opinions are divided as to the constitution of the Andro 
meda nebula Sir Herman Lockyer inferred it to be meteoric 
comparing its state to that of ^ a comet within a month of 
peiihelion ^ Dr Schemer on the othei hand regards it 
as virtually a cluster of sun hke stars ^ A spectiogiaphic 
impression wrung from it by means of an exposuie of 
7-|- hours with a short-focus reflector in January 1899, seemed 
to him a faint replica of the solar spectrum marked by 
the familiar dusky rulings but by no bright lines Yet 

Sir Wflliam and Lady Huggins have more than once 
observing the same spectrum visually caught unequivocal 
traces of the admixture in it of emissive with absorptive 
elements ^ 

The real shape of the formation must be that of a disc 
oval or round but with a spheioidal mass both at the oiigin 
and extremity of the nebulous spires Their convolutions, if 
actually circular must lie in a plane inclined about 25° to the 
line of sight , ^ but we can only estimate their extent in space 
by making a precarious assumption as to their remoteness 
Taking the distance of the nebula for instance to be of 
sixty five light years that already attributed, for illustrative 
purposes to the cluster in Hercules we find its radius to 
measure 162 000 times the radius of the earth s orbit , so that 
the frontier of this glimmering realm as determined by Bond 
IS much more than half as remote from its centre as the 
nearest fixed star {a Oentauri) is from ourselves ^ In travelling 
from end to end of it light spends nearly six years , and if it 

^ Astroph Journal vol xiv p 228 
^ Observatory vol xii p 98 s Astr Mach No 354:9 

^ Atlas of Stellar Spectra p 125 
® Schemer Fhotographxe der Gestwne p 332 
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he obliquely towards us, then our view of the further margin 
may be of an earher date than our view of the hither margin 
by a couple of years or more Extensive changes within the 
nebula might then manifest themselves to us successively, 
although they had really occurred simultaneously , while, con 
versely the coincidence in time of widespread variations would 
argue a position of the nebula nearly square to the hne of 
sight That it IS still in the plastic stage there can be httle 
doubt, and the outbreak of the ‘ new star of 1885 has 
shown that the action of the powers engaged in moulding it to 
its predestined shape may occasionally be attended by a cata 
strophic liberation of energy 

Two adjacent nebulae m Leo both enroUed by Messier, 
have finally qmtted the ambiguous position long occupied by 
them They are elliptical spnals analogues of the colossal 
structure in Andromeda Photographed by von Gothard in 
1888, the one (M 65) showed a bright centre with four 
appendages resembling the sails of a windmill, the other 
(M 66) a complex arrangement of envelopes partially sur 
lounding a nucleus somewhat hke the paraboloidal veils flung 
round the head of a comet near perihehon These however 
weie incomplete views On Hr Eoberts s plates ^ both objects 
took shape as ovoid formations composed of closely windmg 
lummous coils thick inlaid in the case of M 66, the chief 
of the pair with nebulous condensations 

Sir John Herschel frequently noticed an approach to 
annularity in the members of this class of nebulae and added 
the remarkable comment that ‘ as the condensation increases 
towards the middle the eUipticity of the strata dimmishes ’ ® 
This if verified, would imply their ovalness to be not a purely 
visual effect , and the inference that the appearance of elonga 
tion corresponds to its reahty is supported by such critical 
circumstances as the situation of a pair of stars either at the 
foci of a nebulous ellipse (NGC 6595) or at the extremities 
of its major axis (H GO 6648) 

The longitudinal clefts often visible in ray shaped nebulae 
corroborate this opinion Eor otherwise, why should they run 
lengthwise rather than in any other direction ? If the bodies 

^ Celestial Photographs vol ii p 76 
2 Cape Observations p 22 
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they characterise were in fact, circular discs none of their 
physical features could have any relation to the appearance 
they happen to assume by projection Such a relation is 
extremely conspicuous in an elliptical nebula in the 
Centaur (ITGC 5128) divided along its entire length by 
' a perfectly definite straight cut 40" broad A delicate 
nebulous streak runs between and parallel to the halves 
which are sharply bounded on the sides facing each other but 
hazy on those averted The internal edges of this very 
problematic object, Sir John Herschel remarked have a 
gleaming light like the moonlight touching the outline in a 
transparency ^ It is by no means a solitary example A 
long narrow nebula in Leo (NGC 3628) is' split into two 
parallel rays ^ A black chasm into which the nucleus pro- 
trudes separates a lucid from a faint streak in Coma Berenices ® 
(NGC 4565), and a nebula m Andromeda (NGC 891) 
with a chink in the middle and two stars supposed by Sir 
John Herschel to be ' a thin flat ring of enormous dimensions, 
seen very obliquely' and photographed under that aspect 
by Dr Eoberts in 1891^ may really belong as was indicated 
by the Parsonstown observations to the numerous category 
of clomn rays That their distinctive peculiarity depends 
upon some general constructive principle cannot readily be 
doubted but we should vainly attempt to speculate upon its 
nature 

No descriptive formula is wide enough to include all the 
capricious forms of irregular nebulae In regarding these 
singular structures we seem to see surges and spray flakes of 
a nebulous ocean bewitched into sudden immobility , or a rack 
of tempest driven clouds hanging in the sky, momentarily 
awaitmg the transforming violence of a fresh onset Some 
times continents of pale light are separated by narrow straits 
of comparative darkness , elsewhere obscure spaces are hemmed 
in by luminous inlets and channels The ' great looped 
nebula (30 Doradus) one of the mmates of the greater 
Magellanic Cloud, resembles a strip of cellular tissue It 
serves not to conceal but to ornament in a wide openwork 

^ Oape Obsermtwns pp 20 106 
2 Trans M Dub Soe vol ii p 95 ® Ibid p 118 

^ Celestial Fhotogra'phs vol i p 41 
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pattern the sky hehind it and was described by Sir John 
Herschel as ' an assemblage of loops the complicated 
windings of which constitute it ' one of the most extra 
ordinary objects which the heavens present ^ It gives 
nevertheless, a dense photographic image Plate XT reproduces 
an admirable picture obtained in two hours at the Royal 
Observatory Cape of Good Hope in which claws and tentacles 
of faintly lucent stuff are seen to be thrown abroad m all 
directions from the main trunk itself extensively riddled with 
dark spaces ^ From the Areqmpa plates Professor Pickering 
judged this object to be the core of a spiral ^ probably embracing 
the whole contents of the Nubecula Major and even to the eye 
it appears as in some sort their kernel The looped nebula 
may then very well he the huh of its own particular universe 
Its spectrum is gaseous but with an unusually strong inter 
mixture of continuous light 

The efficiency of the camera in disclosing the intricacies 
of nebular structure is vividly exemphfied in Plate XIT which 
exhibits self portrayed one of the many celestial marvels 
gathered together m the constellation Cygnus The object 
(NGO 6992) though very imperfectly characterised to 
visual observation is marked in our picture (the original of 
which was taken by Mr W E Wilson of Daramona October 
7, 1899) by a surprising wealth of detail Its texture is 
perceived to be throughout delicately filamentous^ the fila- 
ments being as it were, drawn out in the same general 
direction, and the bright patches composing the nebula 
have besides, as Mr Wilson noted, a parallel trend which 
coincides with that of the separate nebulous threads A con- 
cordant play of forces is thus evidently brought to hear upon 
the entire foimation which measuring from end to end 80' 
of aic^ must be of a vastness transcending imagination 
There is besides some reason to beheve it organically related 
to an undulated nebular mass in its immediate neighbourhood 
(NGC 6990)® 

^ Ca'pe Obscrvat%07is p 12 
G-oie Worlds of Space p 208 
^ Karvard Annals vol xxyi p 206 
^ See also Ritchey Astrojph tfourn toI tiv p 228 
^ Roberts Cel Photographs vol ii p 14=5 
c H 0 WilsoE Pop Astr Oct 1902 
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But all other irregular nebulae sink into insignificance 
compared with that shown by an opera glass as a silvery 
patch round one of the stars in Orion s sword This extra 
ordinary object (M 42) has been under effective observation 
for 250 years and during the last eighty has been mono 
graphed mapped measured figured and photographed with a 
dihgence woithy of its pre eminence Hence future changes 
in it should they take place must be slight indeed to escape 
detection 

The multiple star 6 Orioms might be called the foundation 
stone of the edifice All the lines of its architecture are laid 
down with reference to it, and the intimate physical associa 
tion of the stars with the gaseous stuff surrounding them has 
been spectrographically demonstrated by Sir William and 
Lady Huggins and amply ratified by Professors Frost and 
Adams 

Surrounding the trapezium is the brightest part of the 
nebula called from its first delineator, the ' Huygenian 
region Over this space shaped like a right angled tiixngle, 
the light IS collected into flocculent masses which with the 
best seeing prove to be throughout of a haiiy” texture 
The effect was compared by Sir John Herschel to the 
breaking up of a mackerel sky, when the clouds of which it 
consists begin to assume a cirrous appearance, ^ and suggested 
to Mr Lassell^ large masses of cotton -wool packed one 
behmd another the edges pulled out so as to be very filmy 
The pea -green colour of the whole object struck him 
forcibly but is apparent to most observers as little moie than 
a greenish tinge 

Emanations (or what seem such) from the Huygenian 
core stretch away in wide curves to form the outlying portions 
of the nebula One great effluence runs out into a proboscis ^ 
attached to the upper jaw of the nondescript creature limned, 
in unearthly radiance on the sky Another represent 
mg the lower jaw bounds on the northern side the chism 
of the distended fauces (the Sinus Magnus ) and is sub- 
sensibly connected — as if by a shoal leading to an island 

■^ MemmrsR Astr Soc vol ii p 491 0 Stone RuU Lemd^r M Oorm%c7c 
Observatory vol i pt 7 p 274 
^ Ibtd vol yrm p 54 
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with the ^ nebula minima (M 43), a rounded mass which 
appears as if just drawing together into a star ^ Behind 
and between the two misty effusions spread far afield , 
resolved by G P Bond into an intricate fabric of convoluted 
and branching filaments the brighter region from which they 
spring displaying a similar but more compact mode of aggre 
gation It IS now impossible he wrote after a particularly 
fine view of the nebula, on February 26 1861 ^to see it in 
any other aspect than as a maze of radiating spiral -like 
wreaths of nebulosity or filamentous tentacles the centre of 
the vortex being about the trapezium ^ And to Mr Safford 
using the then recently constructed 18-^ inch Clark equatoreal, 
it appeared as an assemblage of curved wisps of luminous 
matter, which branching outward from a common origin in 
the bright masses in the vicinity of the trapezium sweep 
towards a southerly direction on either side of an axis passing 
through the apex of the Eegio Huygeniana ^ 

The application of photography to this amazing object 
has not only supplied records of its actual condition in 
definitely more authentic than any producible by the human 
hand but has served to combine the peculiarities of its con 
formation into a strikingly suggestive whole The outcome 
can best be appreciated by reference to Fig 34 exhibiting an 
* index diagram prepared by Messrs Eanyard and Wesley 
from several negatives procuied by Dr Eoberts with varied 
exposures Two points are made perfectly clear by it First 
that the whole fabric of the nebula is concave towards an 
axis passing through the trapezium in a north easterly and 
south westerly direction ’ ^ Next that the effluences from the 
trapezium have a predominant tendency to assume ramified, 
or tree like forms Thus the seemingly eruptive jet marked 
with the letter h mimics the shape of a stone pine and bears 
a less equivocal resemblance to the stemmed type of solar 
prominences as well as to certain arboreal structures visible 
in some photographs of the solar corona The latter analogy 
IS rendered still more apparent by comparing the vast nebulous 
out growths, e and h with the group of coronal rays repre 

^ J Hersctel Memovrs K Astr ^oc vol ii p 49^ 

^ Karvard Annals vol v p 168 Ih'id p 169 

^ Ranyard Knowledge vol xii p 147 
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sented m Fig 35 The same kind of structures seem, m both 
cases, at once to spring upward and to curve inward, as if 
Tinder tlie influence of a two fold action outward from a 
centre, and inward towards an axis This organic sinulanty 
—first detected by Mr Banyard— between the Orion nebula 
and the luminous appendages of the sun, is borne out by the 
resemblance to spun glass of their minute texture 

The limits of the great ‘ sword handle nebula are con- 





Fig- 34 — Index Diagram to Structures photographed in the Onon Nebula 
(Knowledge vol xii p 146) 


tmually being pushed further back and there is no reason to 
beheye the process nearly terminated On Mr Eoberts's 
plates^ first the "nebula minima was joined on to the main 
body then with lengthened exposures a cloudy mass to the 
north (If GO 1977) was reduced to its true position of an 
offset by which the forms of the parent body are pretty 
closely counterfeited^ But even the combined object is far 


^ Monthly jtTohees vol xlix p 296 
2 Eanyaxd loc cit p 148 
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from representing the nebulons contents of this part of the sky 
Ovei an area of 160 square degrees in which it is nearly 
central twelve new nebulae were photographed at Harvard 
College in the spring of 1888, and indications were obtained 
that Sir William Herschel s surmise ^ of the union into 
one immense stratum many degrees in length of the ' great 
nebula with others lying north and south of it might 
be verified m the immediate future^ It was soon after 
wards more than verified On January 14 1890 Professor 
W H Pickenng exposed a plate during 6^ 22“^ at the 



Fig 36 — Group of Coronal Structures (W H Wesley Knowledge vol xii p 147) 


summit of Mount Wilson, California with a 2^-inch portrait- 
lens A singular disclosure resulted^ A great snake of 
diffuse nebulosity (as Professor Wolf has since called it) 
issuing from the trapezium was perceived to enclose the whole 
central part of the constellation with dim folds 15 degrees in 
diameter Cosmical vortices on this gigantesque scale are 
begmning to appear less rare phenomena than the strangeness of 
their aspect and implications might have led us to anticipate 
They are discoverable only by means of short-focus photo 
graphy 

In the Orion nebula we perhaps see an undeveloped 
1 Phil Tmns vol Ixxix p 249 

^ Harmrd Annals vol xviii p 117 ® "^ol xxxii p 36 
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cluster on the model of the Pleiades Nearly a thousand stars 
were catalogued by Bond in the portion of it (3 36 square 
degrees in area) examined by him and his list proves to be far 
from exhaustive^ Many of them should indeed in Professor 
Holdens opinion^ be accounted rather as nebular condensa 
tions than as true stars, but that they will eventually grow 
to be such as they slowly absorb the nebulous material now 
enshrouding them, is a justifiable conjecture The same pro 
< 3 ess appears already far advanced in the Pleiades with the 
result that the stellar now altogether predominates over the 
nebular element in the compound system It may not have 
been always so The balance inclined peihaps in the remote 
past as decisively the other way as it now does in the Orion 
nebula The variability of nearly a hundred of its involved 
stars IS an additional feature of resemblance to compressed 
clusters Noted in a few cases by Dr Eoberts in 1890 ^ it 
was rendered astonishingly prominent in 1904 by Miss 
Leavitt s comparisons of records stored in the Harvard photo- 
graphic archives^ The discovery gains added significance 
from the fact that many or most of the twinkling crowd 
thus brought into evidence belong to the cluster type of 
variables ® 

It IS not easy Sir John Herschel tells us, for language 
to convey a fuU impression of the beauty and sublimity of 
the spectacle offered by the Argo nebula when viewed in a 
sweep ushered in as it is by so glorious and innumerable a 
procession of stars to which it forms a sort of climax 
^ Situated m one of those rich and brilliant masses, a suc- 
cession of which curiously contrasted with dark adjacent 
spaces constitute the Milky Way between Centaur and Argo, 
its branches with their included vacuities cover more than a 
square degree, and are strewn by above twelve hundred stars 
These unhke the components of the trapezium cluster show 
no general tendency to vary in light The peculiarity from 
which the Argo formation derives its current title of the 

^ Parklmrst, Astroph Journ vol xx p 136 
Washington Observations 1878 App i p 221 
® Monthly N'otices vol 1 p 316 
Astr Nach Ko 3950 Harvard Cioculars "Nos 78 79 86 
® J S Hagen Astroph Journ vol xix p 344 
® Cape Observations p 38 
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key-hole ’ nebula is a large lemmscate shaped opening lu 
the central and brightest part the blackness of which is 
qualified only by the yelling of one corner by a strip of thin 
nebulous haze Eour stars are placed precisely at the edges 
none perceptible to the eye within the vacuity, and the 
famous variable rj Cannae lies close to its eastern border Such 
was the brilliancy of the star in 1838 that it almost ohhberated 
the keyhole now and previously to the outburst, the 
indmduahsmg feature of what would otherwise seem a chaotic 
sea of luminous billows Duplication emphasises the meaning 
with which it IS fraught A second oval aperture completely 
dark but for the faint sparkle of four minute stars occurs m the 
southern sparser part of the nebula It might be compared 
to the echo of a catch phrase Plate XVII reproduces a photo- 
graph of this nebula taken by Professor Bailey at Arequipa 
June 1 1896 with an exposure of four hours The light 
and shade being reversed the most intensely actinic parts of 
the portrayed object are punted black while its vacuities are 
left white Thus the key hole appears as a crooked 
shadowless aperture in the most strongly luminous section of 
the inchoate structure which is rendered in a manner bifid 
by a vast dusky channel innning from south east to north- 
west between two nebulous continents The second ^ key- 
hole which IS larger than the first and has some similarity 
to a kidney bean lies far to the south, in an outlying effusion 
A very peculiar gaseous nebula in Sobieskis Shield (M 17) 
has revealed itself piecemeal Messier first of all noticed in 
1Y64, a spindle shaped, starless ray about 6' in length Sir 
William Herschel added an arch springing from its western 
extremity, and the combined object became known as the 
^ Horseshoe or Omega " nebula its form resembhng that of 
the Greek capital letter O with the left-hand base line turned 
up obliq^uely^ Again, it suggested a Swan to observers 
whose instruments were inadequate to show the complete 
arch and Elammarion compared it to a smoke drift fantastic 
ally wreathed by the wind In the clear air of the Cape Sir 
John Herschel detected a second very faint horse-shoe 
attached to the opposite end of Messiers streak from the fiist,^ 

^ J Herschel Thil Tram vol cx:xiii p 461 
2 Gape, Observations p 10 
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and this new member seems to have been independently re 
discovered by Swift July 4 1883^ A photograph of the 
Omega nebnla obtained by Dr Eoberts in 1893, exhibits 
Messiers ray as the axis of an oval mass covering an area 18' 
by 12',® but the mtimate secret of its organisation has still 
to be penetrated It is indeed situated too far to the south 
to be usefully mvestigated m these latitudes 

The ‘America nebula is apparent only to the chemical 
retina Some indications of its existence were caught by the 
elder Herschel, but its virtual discovery was made photo 
graphicaUy by Dr Max Wolf On a plate exposed December 
12 1890, the vast object portrayed in Plate XYIII emerged for 
the first tune mto full view and received a name descriptive 
of its striking resemblance in shape to the continent of North 
A -mftnra. Am ong the features attracting attention on our 
plate are a small intensely black hole piercmg the neck of 
lig ht that corresponds to the Isthmus of Panama and a 
nebulous star like an island m the Atlantic Ocean off the 
coast of New Jersey This is 57 Oygni lately found to be a 
spectroscopic binary in swift circulation round an obscure 
companion * It yields a hehum spectrum m correspondence 
with its nebulous relationships 

No logical distinction can be estabhshed between irregular 
nebula and those indefimte tracts of milky radiance termed 
by the elder Herschel diffused nebulosities The total area 
of fifty-two separate tracts perceived to be thus phosphorescent, 
was estimated by him at 152 square degrees and he added 
the judicious remark that the abundance of nebulous matter 
diffused through such an expansion of the heavens must 
exceed all imagination * The few visual observations suhse 
quently made of these regions® intimate irregularities in their 
lEummation doubtless dependent upon the slow advance of 
cosmic processes of large scope Their investigation how 
ever is properly the task of the camera Already some of 
Herschel s affected regions have been proved by the photo 


1 Sidereal Messenger vol iv p 38 “ Cel Photographs vol i p 101 

s Frost and Adams Astroph Jowrn toI xtu p 381 
Th%l Trans vol ci p 277 

® Dreyer V J S Astr Ge$ Jalirg xxii p 62 Littrow JSterngruppen und 
NsUhnassm p 29 Tempel Astr Nach No 2511 
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graphs of Barnard^ Roberts^ and Wolf^ to include strongly 
developed nebulous formations , the condition of the rest has 
still to be ascertained Prolonged exposures with appropriate 
instruments will be needed to determine it satisfactorily 

^ Astroph Journ vol xvii p 77 
2 Monthly Notices^ vol Ixiii p 26 ® Ib'id p 303 



CHAPTEE XXI 

THE NATTJEE AND CHANGES OF NEBIJLiE 

Speculations as to an identity of nature between nebulae 
and comets are no novelty , they presented themselves as 
they could hardly fail to do to the mind of Sir William 
Herschel,^ and Sir Xorman Lockyer sought to provide them 
with an experimental basis by his researches on meteorites in 
1888-89 ^ The results were scarcely encouraging Indeed the 
two classes of bodies have spectroscopically little in common 
Ho gaseous nebula gives a trace of the carbon bands character 
istic of comets , while the bright lines derived from nebulcB 
are absent from most comets certainly from all probably 
Yet a physical analogy subsists and is evidently charged with 
meaning 

Both comets and nebulae consist of enormous volumes of 
gaseous material controlled by nuclear condensations whethei 
of the same or of a different nature in the two genera we need 
not now stop to inquire Both there is the strongest reason 
to beheve shine through the effects of electrical excitement 
In both there are manifest signs of the working of repulsive, 
as well as of attractive agencies 

A telescopic comet is indistinguishable except by its 
motion from the ordinary centrally condensed round nebula, 
which IS itself indistinguishable from an exceedingly remote 
globular cluster Superficial likenesses do not it is tme 
count for much , one object may counterfeit another without 
bearing any true relationship to it What it is really im- 
portant to note IS the structural resemblance of nebulae to 
comets The parts of a comet become differentiated exclusively 
1 FMl Trans vol ci p 306 2 Meteoritic Bypothesis p 288 
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under solar influence Hence their synametncal arrangement 
as regards an axis passing through the sun is modified only 
by the orbital displacement of the body to which they belong 
and from which they emanate It is extremely curious to 
find that notwithstanding the absence of these conditions the 
features of certain nebulae are impressed with a corresponding 
though different kind of polarity Definitely directed outflows 
(or what seem to be such) are in them of frequent occurrence 
Eiom many of these objects as from many comets only a 
single stream of effusion is manifest , and we then get stars 
with tails which might well pass for miniatures of the 
bearded travellers through oux constellations These effusions 
are in some cases bounded by straight lines , they are fan 
shaped , in others, they are curved often so strongly that the 
brush is bent into a coil Such differences may be 
plausibly associated with the varied conditions of axial 
rotation in the star like nucleus 'Where there is none, the 
issuing matter naturally proceeds straight outward , its 
curvature depends upon its being left continually further 
behind in the widening circles reached by it as it ascends 
from an advancing point of efflux 

It IS easy to see that this process, if carried far enough 
will result in the production of a helicoidal nebula Fully 
developed spirals aie however constructed on a less simple 
principle Their convolutions are duplex Two opposing 
branches combine to foim them That these branches 
represent intakes of matter from space is hardly a tenable 
opinion It has m fact been virtually abandoned owing to 
its inconsistency alike with the design and the details of the 
objects under consideration The conviction is now dominant 
that they originated through some Lmd of repulsive action 
Professor T C Chamberlin regaids them as products of 
catastrophic disruption Each is the wreck of a sun like body 
dispersed through the tidal influence of some similar orb to 
which it made a fatally close approach^ They illustrate 
accordingly the effects of explosive projection combined with 
concuirent rotation M Deslandres adverts to the corre 
spondence between the diametral wings of the solar corona 
and the opposed arms of a spiral nebula the ramifications of 

^ Astroph Journ vol xiv p 34 
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which he holds to he explicable on Br4dikhines theory of 
multiple cometary tails while Mr W E Wilson was struck 
with the cometary tails curved like plumes away fiom the 
central nucleus, attached to the nodosities bestrewing his 
photograph of the Whirlpool in the Hunting Dogs ^ 

With very rare exceptions, nebulae are seen by us not in 
plan but in perspective The only thing Professor Holden 
wrote m 1889 ® we really know about the foim of a nebula, 
in general is that it is projected into a certain shape The 
problem is to find the true curves in space knowing only the 
projected curves His efforts to solve this arduous problem by 
actual trials with helices of wire projected in all imaginable 
varieties of position met with a certain measure of success 
The type curve at which he finally arrived though not 
perhaps really conformed to in nature served at any rate 
usefully to define ideas regarding the actual situation of the 
different branches of a nebula in space of three dimensions 
Nebulae of the spiral and brush kinds are not the only 
ones exhibiting cometary relationships A characteristic 
feature of nebulous trains and wings exemplified both in 
the Orion and Pleiades formations is their vague diffusion on 
one side but sharp termination on the other just as in the 
luminous vanes appended to the heads of comets The con 
tinned ejection of matter against a counter current of force by 
which it IS unceasingly driven backward, seems indicated in 
both cases 

Planetary nebulae too imitate, in a fashion of their own 
the heads of comets under energetic solar action Their 
multiple discs correspond most strikingly to the multiple 
envelopes of comets and intimate a similar origin through 
interior expansive or repulsive agencies Only that in the 
absence of the diiective power of the sun the waves of ema 
nation spread equally in all directions, producing successive 
approximately globular instead of parabolic surfaces Under 
the combined influehees of rotation and contraction such 
shells might be expected eventually to subside into rings , 

^ Connotes Rendus June 23 1902 
^ Astr Researches at Daramona 
® FulUcations Astr Soc oftheRac%jic vol i p 25 
^ Roche M6mo%res de I Acad des Scunces Montpellier t vni p 244 
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but it would be rash to affirm that annular nebulae m point 
of fact acquired in this way their present aspect 

N o visible signs of movement have up to this been 
derived from nebula In the ordinary sense they appear 
absolutely stationary Accurate observations of them are 
indeed compaiatively recent, they go back nevertheless far 
enough to justify the statement that not one among about 
four hundred well determined nebulae becomes progressively 
displaced by so much as one second of arc yearly The 
nebulae in the Pleiades ought perhaps to rank as exceptions to 
this general immobility since we need no direct proof to 
assure us that they drift with the cluster of which they form 
an integral part The dnft to be sure is slow, but it is 
securely ascertained and affords grounds for the sole estimate 
that IS not mere guess work of the distance of a nebulous 
system^ The apparent indifference of all other nebulae to 
the perspective effects of the suns swift advance through 
space leaves little probability that any of them he as near 
to us as the nearer stais , and the probability is raised almost 
to certainty by the spectroscopic discovery that many of them 
are animated by rapid individual movements 

Thirteen planetary nebulae measured by Professor Keeler 
in 1890^ proved to have an average radial velocity of 17 
miles a second The swiftest among them is the hehcal 
structure in Draco, which shows an advancing speed of 
40 miles a second, the Saturn planetary in Aquarius 
also approaches the sun though somewhat more slowly, while 
a stellar nebula in Aquila (NGO 6790) increases its distance 
by 30 miles a second or by ten times the earths orbital 
radius in each year As regards motion then no distinction 
can be drawn between stars and this kind of nebulae The 
irregular class has been investigated for spectral displacements 
only in its leading representative , and the concordant results 
of several inquirers prove the Orion formation to be m course 
of withdrawal from the earth at the rate of about 1 1 miles a 
second^ But since this velocity must be largely if not 
wholly an effect of the suns translation through space, the 

^ See ante p 106 

2 L%6k JPulUcations vol iii pp 217 228 
^ 1 rest and Adams Jowrn vol p 354= 
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nebula may m fact be almost at rest in the stellar system 
Indications of possible movements within it were derived by 
Dr Vogel in 1902 from spectrograms of its various parts, ^ 
and the clue will perhaps eventually he followed up to a definite 
issue But no nebula has yet been proved by line of sight 
measures to rotate on an axis Nor are double nebulae 
perceptibly circulating The systems they presumably con 
stitute remain rigidly fixed The contrary has often been 
asserted , yet revolutions alleged on the strength of inexact 
obseivations and brought to a standstill by precise ones, 
must plainly be dismissed as illusory , unless as Dr Dreyer 
says ^ we are to believe that nebulae in the good old days 
moved about as they liked, but have been on their good 
behaviour since 1861 and kept quiet The existence 
frequently observed of a nebulous connection between grouped 
objects intimates a state of things hardly compatible with 
mutual circulation The relations of these imperfectly 
separated individuals are perhaps in a state of transition like 
those of multiple cometary masses at times enclosed together 
like double nebulae, in a dimly luminous sheath 

The idea of the accompaniment of planetary nebulae by 
satellites, was suggested to Sir John Herschel by the frequent 
and close proximity to such objects of minute stars, ^ and he 
recommended their careful micrometrical measurement as a 
criterion of possible future changes But d Arrest found the 
attendant stars just in the positions Herschel had assigned to 
them ^ and only one case of suspected displacement has since 
attracted serious attention Professor Barnard noticed a minute 
discrepancy between his measures in 1899 of a twelfth 
magnitude star closely following the ring nebula in Lyra 
and those made by Burnham eight years previously^ He 
inclined nevertheless to attribute the alteration (if real) to a 
shifting of the point of reference rather than to movement in 
the star Now the point of reference having been the nebular 
nucleus the verification of his surmise would involve the 
detection of proper motion in a class of objects heretofore 

^ Sitzungsderichte Berlin Marcli IS 1902 
2 MmtJily Notices vol xlvii p 4=18 ^ Fhil Trans vol cxxixi p 500 

^ Lei;jpzig Adhandlungen Bd iii p 308 
® Monthly Notices yoI lx p 245 cf Leavenworth, ilid vol Ixi p 25 
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imperturbably fixed The lapse of a very few years will 
render practicable the decision of this interesting question 

Variability m light is a quality of nebulae as surely as of 
stars although the cases are rare in which it can be established 
with certainty Nebulae are peculiarly sensitive to atmo- 
spheric influences Their finer details always hovering on the 
verge of visibility are completely shrouded by the lightest 
mist Hence even to the same eye and with the same instru- 
ment the aspect of the same nebula often varies greatly from 
night to night and since personality is nowhere stronger than 
in the perception of the delicate lunnnous gradations dehneat 
mg to our sight the forms of nebulae a difference of observers 
adds a further incalculable element of uncertainty Eumours 
of change then easily arise but are with difficulty sub 
stantiated 

They start nevertheless from a presumption not unwarranted 
by facts The occurrence of luminous fluctuations in nebulae 
has been proved by the complete extinction of one and the 
fading to evanescence of a second in the same vicinity On 
October 11, 1852 Mr Hind discovered, near the group of the 
Hyades in Taurus a small lound nebula (NGC 1555) with 
slight central condensation It was then very faint but 
brightened steadily until 1856 when d Arrest ranked it as 
belonging to the first although verging towards the second 
class of brilliancy^ His amazement then was extreme to 
find on October 3 1861, its place apparently vacant ’ Some 
glimmer of its light was indeed made out for a year or two 
longer with the Pulkowa 15 inch refractor, but that too 
waned and the object remained invisible for above a 
quarter of a century Then, in 1890 it was just barely 
descried by Professor Barnard with the 3 6 inch Lick telescope , 
and even that superb instiument failed to show it in September 
1895 In 1897 it was not to be seen on any terms , m 1898 
it barely stained the field of the 40 inch Yerkes refractor , 
but Professor Keeler managed in 1899 to secure impressions 
of its somewhat complex form on long -exposed Crossley 
plates^ The apparition so far as can be judged was a 
strictly temporary one Hind s notice probably did not 

1 Astr Nach 1366 1689 Auwers %Ud IsTo 1391 
® ProlUms in Astrophysics p 523 (derive) 
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lag far behmd its first perceptibility with moderate instru- 
ments 

A curious feature of the occurrence was the sympathetic, 
or at any rate simultaneous decay in light of a small star — 
since known as ' T Tauri — ^placed almost m contact with the 
nebula The star howeyer recovered in 1868 about the same 
time that a second new nebula (NG-C 1554) came into view 
First discerned by 0 Struve it was observed by d Arrest who 
was fully convinced of its novelty and his opinion was borne 
out by its subsequent total disappearance ^ 

The light changes of nebulae do not offer the same diversity 
as those of stars Only two kinds of variability — those 
producing respectively ephemeral appearances and capricious 
bnghtenings and fadings — are represented among them No 
periodical nebulae have yet been shown to exist The influences 
of whatever nature bringing about the rhythmical pulsations 
of stellar light would seem to be absent from the nebular 
kmgdom A distinction however peculiar to themselves can 
be established among variable nebulae Their fluctuations 
may be either general or partial They may affect the whole 
of a moderately compact object, or certain sections of an 
extensive formation Examples of both kinds, and of all 
degrees of authenticity abound , but we will only mention a 
very few in which the reality of change seems scxicely 
disputable 

One such is afforded by an elhptical nebula in Leo (NGrC 
3666) very bright when discovered by the eldei Herschel 
in 1784 but noted by his son as abnormally lain! lor the 
first class Subsequently observed alternations have made it 
all but certain that the discrepancy indicated genuine chinge ^ 
A nebula in Cetus too (hTGC 955) is evidently subject to 
similar vicissitudes Schonfeld in 1861 and Vogel m 186 5, 
failed to see it although it was at sundry other epoclis, easily 
visible to the former observer as well as to d Arrest/ and 
Wmnecke and fully justified in 1887 Dr Dreyer considered, 
Herschel s asciiption of it to the second order of brightness® 

^ Dreyer Memoirs It Astr Soc yoI xhx p 214 

2 Winnecke Astr Nach jN'o 2293 Dreyer Memoirs R Astr Soo vol xhx: 

p 218 

® Wumecke Monthly Notices vol xxvviii p 104 Dreyer loc cit p 213 
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Burnham found it without difhculty in 1891 and attributes 
its occasional evasiveness to unfavourable atmosplieric 
ditions ^ Yet they seem hardly adeq[uate to explain t o 
marked anomalies of its record 

Intrmsic change indubitably affects a smaU nebu u 
attached in fan shape to the variable star E Coronae Australis 
Suspected by Schmidt in 1865 it has been rendered patent 
by Mr Inness observations^ When further materials ai© 
available it will be of great interest to determine the relations 
in hght change of these dissimilar though associated objects 

Again one of a group of nebulae m Virgo, observed by 
Schmidt at Athens in 1862 (NGC 5655) could noth© found 
by d Arrest in 1865 two minute stars appearing as its locum 
tenentes^ If as seems probable the identical object was 
inserted by Herschel from an observation of December 28 
1785 as No 498 of his second class its re emergence to view 
may at any time be looked for The collection to which it 
belongs were judged by d Arrest (no doubt rightly) to be the 
brightest knots of a wide spreading nebulous structure 
(M 49) The variabihty of one of them approximates to 
the local changes of iiregular nebulae exemplified with most 
certainty in the virtual effacement of the ' swan ' section oi 
the formation in Argo Promment in Sir John Herschel s 
drawing it was missed visually by Mr H C Bussell in 1871, 
and IS very feebly represented in the best modem photographs 
A bare mottlmg of the lacuna to the south east of the ‘ key- 
hole m Plate XVII now marks the place where the nebulous 
' swan formerly paraded its radiant plumage 

No change so striking has within two centuries, occurred 
in the Orion nebula Its organisation appears on the whole, 
to be wonderfully stable , for certain alleged light fiuctuatioxiH 
of a partial kind ^ have not been thoroughly substantiated 
Those believed to affect the Omega and Trifid nebulse seem to 
have resulted in a modification of what we may call coccst-l'hw^^ 


1 Lick Pulhcations vol ii p 172 

2 Annals Cape Observatory vol ix p 134 B 

3 D Arrest Astr JSTach No 1520 

4 0 Struve V J S Astr Ges Jahxg xix p 35 Melanges Math t n p 
530 dAirest Astr Nadi No 1366 Holden Wash Observafvons, 187B 
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here adyancing there eneroached npoa hj the sea of darkness 
which surrounds them In the latter object, a singular 
apparent alteration in the relative places of the multiple star 
and the nebulous masses involving it is perhaps due to this 
instability of outlines Sir John Herschel m 1827 and 1833 
described the star as located ^ exactly m the central vacuity 
of the nebula and just at the point of convergence of the 
three rifts dividing it throughout^ But a drawing made 
by him at the Cape in August 1835 exhibits the star no 
longer as central but as adhering to the eastern mass of 
nebulosity A similar state of things was noted by Mason 
and Smith in 1839^ and subsists so obviously at the present 
time as to render a mistake about it inconceivable The 
implied change however must have taken place abruptly, 
between 1833 and 1835 and then ceased, so that proper 
motion either of the star or nebula had certainly nothing to 
do with it^ There seems no alternative but to admit that 
the frontier-lines between luminosity and obscurity were at 
the epoch m q^uestion very considerably ' rectified ’ 

Speculation regarding the nature of white nehulse must 
be left in abeyance until their spectra have been satisfactorily 
investigated, hut there is a consensus of opinion that those 
showmg a discontinuous radiance are luminous through 
electrical excitement The fact of their incomparable tenuity 
was established by Mr Eanyard in 1892, on the ground of 
their ineffectiveness in imparting motion to bodies m their 
vicinity, and highly rarefied gases in space cannot he hot 
Gaseous nehulse are in fact reasonably believed to he at a 
temperature not much above absolute zero They are not, 
then incandescent but rather luminescent , their light is 
independent of thermal conditions The phosphorescence 
produced in a Crookes s vacuum-tuhe exemplifies, according to 
M Deslandres, their mode of illumination ^ Cathode rays 
emanating from central condensations set their materials aglow 
M Arrhenius on the other hand, derives from exterior 

^ Memoirs R Astr Sog yoI m p 63 Thil Trans vol crxiii p 460 
Holden Amfier Jo%rn> of Science yoI xiv p 434 (1877) 

2 Trans Arrur TMl Soc foI tii p 175 

* Dreyer Monthly Notices vol xlvii p 419 
Comptes Rendus May 20 June 23 1902 
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agencies the light stimulus actmg upon them There are 
many indications, he tells us/ that space is pervaded hy 
negatively charged particles expelled with enormous velocity 
by the stars These being absorbed by nebulae, occasion 
electrical discharges through the gaseous volumes composmg 
them, their frigid condition notwithstanding, and Professor 
Dewars experiments assure us that excessive cold is no bar 
to light emission Moreover, none that is truly continuous 
seems to be included in nebular radiations What passed 
for such has been analysed by Mi Palmer into ranges of 
faint, superposed bright lines ^ Associated stars however 
yield genuine stellar spectra and have perhaps taken an 
active part in the weaving of the textures they begem The 
unmistakable analogy at any rate between solar coronal and 
cometary forms on the one side and nebular forms on the 
other indicates for all a kmdied origin in the play of 
opposing forces generated by certain foci of condensation, one 
of which IS our sun, while the others can be safely designated 
only as nuclear points Where there is only one such nucleus 
the enveloping gases assume a simple globular or oval shape , 
where there aie many the result is exceedingly complex 
Irregular nebulae are thus most likely potential star-clusters , 
they consist of a stellar fiamework, draped with nebulous 
folds, spirals and festoons disposed along lines of force laid 
down by the rival or concurrent energies of the compact 
masses which it is permissible to regard as mchoate suns 

1 Lehrluch Kosmischm Physik Bd i p 43 

2 Lick Bulletin ITo 85 Inequalities of tlie kind were long ago suspected 
by Sir William and Lady Huggins 



CHAPTEE XXir 

THE DISTANCES OF THE STARS 

T^e most arduous among the problems of stellar astronomy 
was smgularly enough the first to be attached It was 
attacked indeed before the possibility was even remotely dis 
eemed that stellar astronomy might come to be legarded as a 
substantive branch of science In the hope not of penetrating 
the inscrutable secrets of the remote sphere of the fixed stars 
but of solving doubts about the motion of the e irth Copernicus, 
Tycho and Galileo led the way in the long series of expen 
ments on the apparent displacements of the stars resulting 
from our own annual travelling round the sun The interest 
of the question whether such displacements existed or not was 
for them of a wholly parochial kind , it lay in the tost 
they afforded as to the reality of the terrestrial revolutions 
Should the stars be found to shift ever so little by the effect of 
perspective then the heliocentric theory could no longer be 
gainsaid , if on the contrary they ignored sublunary circlings, 
the pill (as Kepler termed it) to be swallowed by Coptr 
means was indeed a huge one For the distances to which 
the fixed stars had in that case to be relegated seemed in 
those times monstrous and incredible , and monstrous and 
incredible they would appear still were we not forced by 
irrecusable evidence to believe in them 

Throughout the history of these inquiries at least in its 
earlier part it may be taken almost as an axiom that the 
largest ostensible parallaxes were obtained by the worst 
means With each successive improvement in methods and 
instruments as the hmits of possible error shrank the dis- 
placements apparently measured dwindled and the stars 

*>82 
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became less accessible to attempted determinations Dnimg 
some three centuries the ill success of an astronomer in this 


matter was a measure of his skiU and judgment Kesults 
obtained with suspicious facility by inexpert observers utterly 
evaded the guarded scrutiny of such men as Tycho Brahe 
Bradley and Pond Flamsteed indeed just at the close of 
the seventeenth century detected in the pole star annual 
variations which were certainly not illusory Yet here too 
there was a caveat Theory and fact did not correspond 

Let us consider for a moment what must he the visual 
effects upon very distant objects of the comprehensive and 
unceasing rounds of the planet upon which we are borne as 
spectators Unmistakably to begm with we see them in 
different directions at different times of year In January and 
July in March and September and so on we are at opposite 
ends of base lines 186 millions of miles in length The stars 


then must be continually thrown now a little to one side now 
to the other of the true or mean places which they would 
seveially occupy if viewed from the immobile sun In other 
words each describes round its mean place m a period of a year 
a small apparent orbit which is nothing else than the orbit of 
the earth projected in miniature on the sky For stars situated 
in the ecliptic — that is in the plane of the earth s motion 
this orbit contracts into a right hne along which the star merely 
swings to and fio , for stars near the pole of the echptic the per 
spective orbit is sensibly a circle , while intermediate latitudes 
afford all degrees of foreshortening Every star — unless those 
few lying close to the pole of the echptic— has thus its epochs 
of maximum parallax six months apart when it seems to stand 
alternately at opposite extremities of the major axis of the par 
xllactic ellipse and it is then that measures of its apparent 
displacements can be most advantageously made ese 

opportune seasons occur when the earths longitude falls short 
of or exceeds by ninety degrees the longitude of the star They 
aie accordingly different for stars with different longitudes 
The precise /orm of displacement due to the earths revo u 
tion round the sun is thus stnotly calculable for each indwidua 
stir the alone cannot he predicted but must he ohtained 

and from tte amount the dastoce «£ the ate 
I deduced For each paraUactic orbit is a perfect model both 
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in shape and size of the earth s orhit as it would be seen from 
the star abridgment of compass (down to contraction into a 
virtual point) corresponding to a more and more profound im 
mersion of the point of survey in the abysses of space 

The parallax of a star is then the difference between its 
positions as seen from either side and from the centre of the 
earths orbit It is in short the angle subtended at the 
distance of that particular star by the mean interval between 
earth and sun How we can tell in a moment how fai off a 
spectator must be to see a line ninety three millions of miles 
in length dimimshed to the angular dimension of let us say, 
one second He must be 206265 x 93 millions of miles 
distant But no star has yet been found so near to us as this 
That is to say the shift of no known star amounts to as much 
as the width of a sixpence held up at Charing Cross to a 
spectator at Stanhope Gate or at Millbank 

We are now in a position to understand why it was that 
Flamsteed s observations of the apparent displacements of 
Polaris could not when critically examined be set down to 
the account of parallax The star seemed indeed to describe, 
regularly each year a little elhpse of exactly the right sha^pe^ 
and as to its s%ze there was no it, priori reason why the pole 
star should not have a parallax of upwards of twenty seconds 
But there was one irreconcilable discrepancy The displace 
ments noted occurred at wrong times Had they been of a 
parallactic nature the position of the star in its minute 
fictitious orbit should have been invariably ninety degrees m 
advance of what it actually was They were not then due to 
parallax , but obtained their proper explanation from Bradley's 
discovery of the aberration of light in 1729 

Durmg the ensuing century and a quarter the only valid 
results obtained in this direction consisted in demonstrations, 
renewed and enforced from time to time as more conclusive 
cadence presented itself that with the instrumental means 
then available stellar paraUax was an inappreciable quantity 
Bradley showed that it must fall short of half a second and 
although his reasonmg apphed strictly to only a limited number 
0 s it was rendered at once more general and more cogent 
by the mvestigations of Pond and Airy of Stiuve and Bessel 
It thus seemed that astronomers should content themselves 
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with the knowledge that the stars were exorbitantly remote so 
remote that hght spent at least four or five years m travellmg 
to ns from the brightest of them and might for anything that 
appeared need an indefinitely longei tune for the journey 
The labours and refinements of two centuries had issued in 
fixing a lower limit for distance an ujpjper limit for parallax , 
in isolating the sun from his compeers by setting between 
him and them an unmeasured stretch of desert space , m 
widening to a starthng extent the boundaries of the visible 
universe Keplers mighty bolus had to be swallowed m 
its entirety 

At last, in 1827 Savary of Pans brought forward a 
method for fixing an limit to the distances a low&) 

to the parallaxes of binary stars moving in known orbits 
The further off from us such orbits are the greater of course 
their real size, and the longer the time taken by hght to 
cross them Hence the deviations of the moving stars from 
their true places due to ineq[ualities in light transmission 
must increase with then remoteness and thus serve m theory 
to determine the distance from the earth of the pau Or if 
no such deviations are apparent it should at least be possible 
to fix an amount which they could not exceed without becom 
ing so Savary accordingly professed to demonstrate in this 
way that % Ursse Majoiis the couple most favourably situated 
for the purposes of the inq^uiry must have a parallax exceeding 

of a second^ — must that is be at a less distance than 
would be traversed by hght in 1000 years Eut the informa 
tion however credible in itself was not fully authenticated 
Villarceau showed in 1878 ^ that the method was mapphcable 
except to stars of known relative masses , and it was by that 
time already obsolete The hght equation in stellar orbits is 
too small to be extricated from errors of computation and 
observation unless where the occurrence of echpses sharply 
defines positions and epochs 

Besides the end in view can now be compassed by 
spectroscopic means Measures of radial velocity in an orbit 
of known inclination give at once its hnear dimensions and 
by comparison with micrometrical data its distance from the 

^ Cotm des Temps 1830 p 169 
“ jm 1878 p 68 
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earth , ^ and the possibilities of the method were illustrated by 
M Belopolsky s investigations of 7 Virginis and 7 Leoms in 
1898 ^ Of considerably higher promise are the results derived 
by Professor Hussey for B Equulei and by Professor Wright 
for a Centauri , and those obtained for Castor by Dr Curtis 
are of exceptional importance 

By ways however may be neglected since the road 
leading straight to the goal has been made pricticable The 
engmeer who carried it over the barrier long helplessly con- 
fronted was Fraunhofer The improvements effected by him 
in the power and perfection of telescopes as well as in the 
application to them of micrometrical apparatus alone rendered 
feasible the exquisitely refined measurements upon which the 
detection of stellar parallax absolutely depends ® 

These measurements are for the puipose of determining 
variations in the angle between the star chosen as the subject 
of experiment and one or more comparison stars ’ m its 
neighbourhood treated as fixed points of reference because 
assumed to be indefinitely remote Fiom progressive annu<d 
changes of the intervals separating them from the stir they 
serve to test the amount of its parallax hence of its distance 
from the earth is learned But if the comparison stars are 
themselves affected by sensible parallactic displacements then 
the result is to a certain extent if not wholly vitiated Should 
they chance for instance to be at the same distance from us 
as the compared object then all the stars under observation 
will shift together giving the effect of immobility and im- 
plying the absence of measurable parallax when in reality a 
large one may be present Again a parallax sought by the 
aid of a comparison star itself possessing one half the paiallax 
of the star mvestigated will come out only one half of its tiue 
value It may even happen that the comparison star is, of 
the two our nearer neighbour in space when a ' negative 
parallax (as it is called) will emerge showing how greit the 
discrepancy is in the wrong direction 

It IS indeed the weakness of the differential method of 

^ lox Taltot Report Bnt Ass 1871 pt 11 p 34 Kambaut iVoc M Innh 
Acad vol IV p 669 T J J See Astr Nack No 3314 
^ ll%d No 3510 

^ C A F Peters Ze%tscTir%ft fur populare Mitthe'hlungen Bd xn p 96 
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parallaxes that it gives lelative never absolute results Not 
only does some degree of doubt always attach to them but 
their deviations from the truth are always on the same side 
They tend in all cases to diminish the parallax and exaggerate 
the concluded distance Nevertheless the advantages of the 
method are so overwhelming it abolishes so many causes of 
error, and strikes at the root of so many illusions that it has 
gained universal and all but exclusive preference No one 
now thinks of attacking this delicate problem by the com 
paratively clumsy mode of determining absolute right ascen 
sions and declinations at intervals of six months and trying 
to distil from a confused mass of minute errors the sub 
sensible evidence of those peiiodical changes which reflect 
across the gulf of sidereal space the movement of the earth m 
its orbit 

Nevertheless the first genuinely measured stellar parallax 
was so far a casual result that it was arrived at in the ordinary 
course of observation It presented itself as it were un 
solicited Alpha Centauri combines Struves three criteria of 
vicinity It is exceedingly bright, it has a large proper 
motion , and its components revolve swiftly in a wide orbit 
No other star in the sky seemed beforehand so likely to come 
within the grasp of terrestrial determinations , and none has 
yet proved to be so little i emote Henderson s observations 
of it made at the Cape in 1832 33, were discussed with a view 
to sifting out from them a parallactic element, after he had 
learned that the stars rapid onward movement afforded a 
presumption of relative nearness to the earth Nor were his 
expectations belied A parallax of about one second mam 
festly implied by annual changes of declination was partially 
confirmed by observations of the same object in right ascen 
Sion made by Henderson s assistant, Lieutenant Meadows 

His announcement to this effect January 3, 1839,^ 
was received with doubts justifiable perhaps considering 
the numerous precedents for illusion on the point but not 
justified by the upshot Bessels similar (and slightly prior) 
communication regarding 61 Cygni inspired, on the other 
liand general confidence The Konigsberg series indeed 
though by no moans fortified with all the precautions now 

^ M6mo%TS E Astr Soc vols xi p 61 xn p 329 
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deemed necessary, seemed beautifully complete The observa 
tions were of the differential kind and the hnrmonious flow 
of the curYes into which they were projected by Mr Mam ^ 
prompted the conviction that here at last was a stellar parallax 
the genuineness of which was beyond cavil The extreme 
importance of its detection, pronounced by Sir John Herschel 
the greatest triumph ever achieved by practical astronomy, 
can be estimated from Bessel s declaration that until it was 
actually compassed he was unable to form an opinion as to 
whether the parallaxes of the nearest stars should be reckoned 
by tenths or hy thousandths of a second ^ ^ 

The distance from the earth of 61 Cygni has been more 
frequently investigated than that of any other star and some 
trifling discrepancies notwithstanding may be considered as 
satisfactorily ascertained Bessels paiallax of about a third 
of a second was augmented to 0"42 by Auwerss rediscussion 
in 1868 of the same data and to 0"47 by Sir Robert Balls 
measures at Eunsink^ Dr Hermann Davis s discussion of 
the Rutherfurd plates m 1898 yielded a value of 0^'36,^ 
Professor Barnaids observations m 1900 2 with the Yerkes 
refractor proved closely confirmatory® This unobtrusive star 
pair may then be confidently located at a distance of nine 
light years from the earth ® 

We accordingly see the coupled stars not where they are, 
hut where they were nine years ago , that is (since their 
proper motion is about 5''’ 12 yearly) just forty six seconds oi 
arc behind their true places The effulgent points terrestrially 
determined are then mere simulacra of the real stars , they 
pursue without ever overtaking them , they would continue to 
shine and to travel for nine years after their originals had heen 
blotted out of the visible creation Our views of all moving 
objects are of course to some extent affected by this curious 
kind of light -aberration, but in the sidereal heavens it 
attains proportions that are not only large but for the most 
part incalculably large Our survey of the background of 

^ MeTnoirs R Astr Boc vol tii p 42 
2 Astr J}rach No 385 

® AhhafidluTigen Kon Akad Berlin 1868 p 114 
^ ColumHa, Umversity Oontribv>Hom No 13 p 126 
® M&port Yerkes Olsermtory 1879 1902 p 13 
^ Barrett Astroph Jov/m vol xviii p 398 
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the shy may lag centuries even millenniums behind our 
simultaneous survey of its foreground, and the disturbed 
synchronous relations between the varied luminous contents 
of the sphere are to our perception incapable of readjustment 

Transported to the place of 61 Cygni our sun would 
appear about eighteen times brighter It would represent 
a stai not of the fifth but of the second magnitude such as 
Polaris or one of the Pointers Hor is it likely that the 
Swan binary is massive much beyond the proportion of its 
luminosity The extreme slowness of its revolutions on the 
contrary intimates a comparatively shght power of mutual 
attraction 

Fraunhofers construction of the instrument with which 
Bessel observed 61 Cygni marked the turning point from 
failure to success in parallactic inquiries The heliometer is 
specially adapted to facilitate them It has two chief points 
of superiority over the ordinary equatoreal and micrometer 
In the first place much wider pairs of stars can be grasped 
with it its compass being by the mobility of the semi-lenses 
extended far beyond the limits of a single field of view The 
selection of comparison stars is thus greatly enlarged and the 
chances of a systemic connection with the central star fatal to 
the purpose of the designed operation are reduced to a mini- 
mum In the next place the stars under observation can be 
visually equalised by placing a wiie gauze screen of any 
desirable opacity over the segment of the object-glass forming 
the image of the brighter one, whereby baffling personal errors 
are completely eliminated. These are the chief but not the 
only features of the heliometer tending to promote critical 
precision , and not the least among Sir David Gill s services 
to astronomy was his development of the powers and applica 
tions of this unique instrument 

Bessels success with 61 Cygni gave the impulse to 
numerous undertakings of the same kind Their result 
depended mainly on the skill or luck of the observers m 
picking out from innumerable indefinitely remote stars the 
few near enough to be sensibly displaced through the effects 
of the earth s motion Two circumstances mainly determined 
their choice 

That distance is a factor of stellar brightness is so obvious 


19 
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a truth that it may almost he reckoned a truism Admitting 
the widest possible range of variety in actual light-powei, the 
likelihood stiE remains that the most lustrous objects will be 
found among those m closest proiamity to the earth Excep- 
tions It IS true abound , but, on a wide average the theoretic il 
inverse ratio between distance and the square root of total 
lig ht, furnishes at least a valuable guide to actual fact ^ 

Several conspicuous stars — Vega, Aicturus, Capella a 
Cygm and Polaris — were on this ground, fixed upon for 
investigation by C A F Peters in 1842 43' His results, 
obtained with the Pulkowa vertical circle, were absolute being 
irrespective of comparisons with other stars , but the deduced 
parallaxes were so small and their probable errors so rela- 
tively large, that it was difficult to place much confidence m 
them. Yet they came surprismgly near the truth 

A second criterion of nearness was found in the appear 
ance of rapid motion This vanes in the same proportion as 
distance but in the reverse sense At twice the distance an 
identical velocity produces only half the angular displacement , 
at three times the distance one thud, and so on Thus, 
apparent swiftness no less than apparent lustre, depends m 
part upon vicimty and the largest proper motions must belong, 
on the whole to the nearest stars 

And on the whole parallax hunters taking rapidity of 
advance for their guide have prospered the best A 7 5 
magnitude star in Ursa Major, flitting annually over 4|* 
seconds of angular space was found by Wmnecke in 1858 ^ 
to have a parallax (=0"46) inferior only among those as 
yet determined to that of a Centauri This insignificant 
object numbered 21185 in Lalandes great catalogue, is 
separated from the earth by a light journey of seven yeais, 
and to that extent our observations of it are retarded So 
that it IS in reality always 33" in advance of the place we 
are compelled to assign to it For a body claiming the rank 
of a sun it IS either very small or very obscure Our own 
ruling orb is 260 times more luminous 


^ Stnive Mens Microm p clxii 

2 Ze%tsc}br%ft fur pop Mitth Bd iii p 104 Mimovres St Pdtersbourg 
t YU p 140 1853 Astr Nath No 1147 
® Astr Nath No 1147 
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An 8 5 magnitude star in the same constellation (Lalande 
21,258) also distinguished for apparent velocity disclosed to 
Auwers s measurements with the Eonigsberg heliometer in 
1860 62 a parallax of 0^^ 26 ^ corresponding to a light-journey 
of 12-| years and a permanent displacement on the sphere 
due to its proper motion m that interval, of 55'" The real 
brilliancy of the star is only that of the sun A still 
smaller star in Draco (Oeltzen 17,415) gave an even more 
emphatic warrant to confidence in swiftness rather than in 
lustre as a certificate of proximity Eruger, induced by its 
yearly movement of 1" 27 to subject it to experiment, obtained 
a parallax of one quarter of a second , ^ while the fine binary 
system 70 Ophiuchi with an annual motion of 1" 13 proved to 
he removed from the earth by twenty years of light travel 
(parallax O'' 16)® And all these results seemed from the 
smallness of their probable errors to be exceedmgly trust 
worthy 

The probable error of any result however, represents only 
what we may call the uncaused inaccuracies of the observations 
upon which it is founded It sums up according to the 
doctrine of probabilities the effect of their deviations in 
either direction, from the mean But it takes no heed of 
systematic' errors due to causes working steadily in one 
sense but so to speak, underground These are the real 
sources of mischief from which fallacious parallaxes have 
abundantly sprung in times past, and which cannot in the 
present and future be too carefully guarded against Especially 
formidable are certain slight idiosyncrasies of perception by 
which measures of distance become modified with the varying 
positions of the line of direction between the objects measured 
relative either to the vertical or to the line joining the 
observers eyes And since this subtle spring of error rises 
and falls harmoniously in a period of a year (because dependent 
upon the uranographical situation of the stars under scrutiny) 
it would be capable not only of completely vitiating observa 
tions apparently accordant but even of simulating parallactic 
changes that had no real existence Instrumental errors too 


^ Monthly Notices vol xxm p 74 
^ Acta Societajt JScient Fenmcoe t vii p 383 
^ Kruger Astr Nach Nos 1210 12 
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connected with changes of temperature or the deforming 
power of gravity (as conditioned hy the shifted positions of 
the telescope at different seasons) take the sime cyclical course , 
and there can he no doubt that to some such lurking deceptive 
influence the parallax of 0''07 attributed to a Herculis hy 
Captain Jacob m 1858^ owed its origin Since the star 
chosen for comparison was no other than the well known 
physical attendant of the object examined the fact of illusion 
IS patent 

The exigencies of this kind of work were recognised and 
fully explained in an elaborate paper published by Dr 
DoUen of St Petersburg in 1855 / and his principles were 
ably carried mto effect by Dr Brunnow in a senes of investi 
gations of stellar parallax at Dublm between 1868 and 1874 
The example thus set of the thorough ehmination of errors at 
once personal and periodical has since been generally followed 
More effectually than by most other men the famous Know 
thyself of the old G-reek philosophers has been taken to 
heart by astronomers Their anxious and elaborate inquiries 
regard not merely microscopic inequalities of scale -divisions 
and screw values, changes in refraction corrections for aberra 
tion and proper motion but the cunnmg tricks of their own 
nerves the caprices of cerebration all the varying conditions 
of perception in the organism at their individual command 

None of these precautions were neglected in the important 
work executed by Gill and Elkin at the Cape in 1881 83® 
Pully alive to its subtle requirements they gave to their 
determinations a precision entitling them to standard rank 
Sir David Gills discussion especially of the parallax of a 
Centauri is a model inquiry It leaves one may say no stone 
unturned beneath which a source of illusion might lie con- 
cealed The resulting parallax of 0" 75 accordingly obtained 
hy independent comparisons with no less than four pairs of 
adjacent stars is probably more nearly accurate than any 
value of the sort yet registered The fact is definitely assured 
that hght, which flies from the sun hither in eight minutes 

^ Madras Ohsermhons 1848 52 Appendix Memoirs jR Astr Soc vol 
xxvii p 44 

^ JBullet%% de I Acad St P^tersbourg t xni Suppl 

^ Memoirs B Astr Soc vol xlvin 
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spends four years and four months on the journey from our 
nearest known neighbour among the stars The corresponding 
distance is in round numbers twenty five billion miles 

A joint attack on Sinus disclosed a parallax of 0"38 
implying a light journey of 8 6 years These were the first 
measures of the dog star made under perfectly suitable con 
ditions, and their repetition by Sir David Gill in 1888-89 
with the V"inch Cape heliometer finally established their 
accuracy ^ 

Of the nine southern stars investigated by Gill and Elkin 
five — € Indi Og and e Eridani Lacaille 9342 and f Toueani 
— ^were chosen for their large proper motions and all proved 
to be measurably near the earth ^ Canopus and i3 Centauri, 
on the other hand included in the list because of their 
distinguished brilliancy averred their extreme remoteness 
From the former in particular no symptom of displacement, 
progressive or periodical could be elicited then or subsequently 
This is really, when we come to consider it an astonishing 
result 

Second only to Sirius in the southern hemisphere the 
star of the Nile far outshines every star north of the celestial 
equator As chief of the great constellation Argo it seems 
to command while standing slightly aloof from the dazzling 
array of all stellar ranks spanning the heavens from the 
Greater Dog to the Cioss And since its spectrum is marked 
by nearly the same kind and amount of absorption as that of 
Procyon, we cannot safely conclude its mass to be abnormally 
small in proportion to its light 

Both regarded absolutely must be enormous The failure 
of persistent efforts to detect any parallactic shifting in 
Canopus obliges us to suppose it so far off that its 
light needs at least 300 years to reach us, how much 
longer it is impossible to tell At this minimum distance, 
our sun would shrink to a tenth magnitude stai , it would be 
one of the dense shoal of telescopic objects imperceptible to 
unaided sense and scarcely yet individu ilised by the industry 
of astronomers But 22 000 stars of tenth magnitude give 
only the light of one Canopus , whence it follows that Canopus 

^ Annals of the Cape Observatory vol viij pt ii p 24 
See A ppendix Table V 
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IS certainly brighter and may be very greatly brighter, than 
22 000 suns like ours This conclusion is startling but 
appears inevitable Eour reference stars widely separated, 
are unanimous in its support 

Beta Centauri one of the so called southern Pointers 
takes rank as of average first magnitude Sir David Grills 
final result assigned to it a paiallax of O^'OS, equivalent to 
a hght journey of 109 yeais Our sun, accordingly shines 
with no more than the lustre of this white orb 

The time had now come when a change in the system upon 
which inquiries of this kind were prosecuted seemed feasible 
Hitherto, observers had been content to select the most 
promising subjects for their experiments without any regard 
to the CO oidmation of results The outcome was a collection 
of detached statements as to stellar distances inteiestmg each 
by itself in a high degree yet incapable of being combined 
for the purpose of any general conclusion So long ago as 
1853 Dr Peters had pointed out that what was needed for 
obtaining a fundamental acquaintance with the structure of 
the sidereal world was not so much the determination of 
exceptional parallaxes as the steady compilation of data for 
some well-grounded inference relative to the distances of 
defined star classes ^ But it was not until thirty years later 
that it became possible to act on the suggestion 

Encouraged by the success of the work just accomplished 
Sir David Gill proposed January 11 1884 a scheme of 
attack upon the problem of star distances in its widest 
bearings Two great cosmical questions presented them 
selves to him as answerable by the judicious distiibution of 
some years continuous labour The first related to the 
average parallaxes of stars belonging to successive orders of 
brightness, the second to the connection between parallax 
and proper motion^ 

A plan was accordmgly concerted by which Dr Elkin 
undertook the measurement with the new Tale College helio 
meter, of a considerable number of representative northern 
stars while Sir David Gill dealt with a corresponding 
southern list at the Cape Its final outcome was the authentic 

^ Mimoires de St P4tersbourg t vii p 149 
^ Memoirs B Astr Soe vol xlvin p 191 



THE DISTANCES OF THE STAES 295 

determination of thirty two parallaxes — ten in the northern 
twenty two in the southern hemisphere including those of 
all stars of the first magnitude^ And thus at last a scale- 
unit for the stellar universe was provided For once we 
know the distance in billions of miles or hght years corre- 
sponding to the first magnitude — ^the distance that is at 
which a ' mean star would shine with about the lustre of 
Spica or Eegulus — the distances corresponding severally to 
the lower magnitudes follow as a matter of course They are 
linked together (unless we are deceived by systematic changes 
of brightness) by an invariable pioportion We have already 
explained what is meant by the light ratio ^ but it may 
here be repeated that a star of any given magnitude is by 
definition one 2 512 times brighter than a star of the magni 
tude next below and 2 512 times less bright than a star 
of the magnitude next above it But since light varies 
inversely as the square of the distance any star removed to 
512 = 1585 times its actual distance would show exactly 
one magnitude fainter than it did before This number, then, 
1 585 the square root of the light ratio may be designated 
the distance ratio It represents the difference of distance 
equivalent to a difference in light of one stellar magnitude 
The relahve mean distances of the various classes of stars 
are then known , to render them absolute we only need to 
ascertain the real mean distance of any of those classes 

It IS true that within each class vast disparities 
exist Small stars comparatively near the earth take their 
stand on the same level of apparent brightness with indefinitely 
large but indefinitely remote bodies What is invariable for 
each magnitude is the proportion between real brilliancy and 

the square of the distance Symbolically expressed — is 

constant That is to say photometric uniformity results 
from a certain balance being struck between remoteness and 
light power by which the effect of equality is produced The 
law however connecting average distance with apparent 
lustre IS not invalidated even by the limitless variety included 

^ Annals Ca^& Observatory^ vol viii pt ii 1900 Pul)l%Lat%ons Yale Ob 
servatory vol i pt vi 1902 

2 See ante p 19 
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ua the above expression The extremes are vastly wide apart, 
but the mean remains practically the same It should, 
nevertheless be clearly borne in mind that the conclusions 
thus obtained are general and should only be generally 
applied Eeferred to particular cases they may be fallacious 
and misleading !Nor are we assured that the stars are 
scattered indifferently as regards their real lustre An 
average star in one region of space might conceivably be 
larger or smaller, dimmer or brighter than an average star 
elsewhere If this were so the theoretical distance ratio 
would fail as a guide to investigation And it is remarkable 
that the mean distances of photometric classes of stars derived 
from their proper motions show a lower rate of increase with 
famtness than they should if a uniform arrangement prevailed ^ 
A further caveat relates to the distribution of stellar spectra 
If the manner of their assortment depends upon remoteness 
from our system the geometrical mterpretation of photometric 
data should be modified This it assuredly does to some 
extent although it seems to be more essentially conditioned 
by the hues of sidereal structure The ratio of brightness to 
distance is probably not identical within the galactic zone and 
outside of it 

Meanwhile the Cape and Yale results give ^ of a 
second of arc as the average parallax of first-magnitude stars 
m all parts of the sky They establish at a distance of thirty 
three light years the first halting stage for explorations of 
sidereal space Thus inconceivably remote, taken all round 
are the brightest of the stellar host Our sun so placed 
would sink nearly to the fifth magnitude Its fellow suns 
then far surpass its glory 

On the scale determined at Yale College the mean distance 
of stars of the second magnitude is fifty two light years 
(parallax 0" 063) , stars of the third magnitude are at eighty- 
two light years (parallax 0^' 04) and so on , the invariable 
ratio of 1 585 regulating the increase of distance and decrease 
of magnitude for each descent of one step provided only that 
bght suffers no ethereal absorption When we get down to 
the sixteenth magnitude which is about the Tmmmum v%s%l)%le 

^ ITewcomb TM Stars p 313 where (as Mr T E Heath has remarked) a 
value of 1 414 for the distance ratio is imphed 
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in the largest telescopes (the Yerkes refractor attains to one 
magnitude lower still), we find the theoietical light interval 
lengthened to 33,000 years, but there is no certainty that 
any such far travelled rays reach ns The regular progression 
of distances may not extend so far It must stop somewhere 
if the stellar system be — as we have reason to think it 
IS — of finite dimensions, at what particular magnitude the 
break occurs, it would at present be futile to conjecture 
All that can be said is that, distance becoming at length 
eliminated as a factor of magnitude, the differences of the 
faintest stars represent chiefly or solely real inequalities 
in shining There may possibly for instance be no ^mean 
distance corresponding to the sixteenth magnitude The 
stars of that rank would not then, on the whole be further off 
than those of the rank next above them but would on the 
whole possess only of their real light This must be the 
ease — so far as we can see — at some stage of the descent into 
the abysses around us 

Besides Canopus four among the twenty one brightest 
stars in the sky were found by G-ill and Elkin inaccessible 
to parallactic research These are Eigel, Spica, a Cygm 
and 13 Crucis All five must be Brobdingnagian orbs , their 
magnificence defies the reahsing efforts of imagination In 
singular contrast to them are certain swift but dim stars 
measured by Sir David Gill notably one m Pictor of 8 6 
magnitude which cannot since it has a comparatively large 
parallax shine with more than the lustre of our modest 
sun Ten, in fact of the twenty two stars determined at the 
Cape proved to fall short in sundry degrees, of the solar 
standard of light power ^ But to what extent they depart 
from the wide average of the sidereal system we have at 
present no means of judging All that can be said is that 
the variety embraced by it has a prodigious scope 

Of the ten stars measured at Yale Procyon, with a parallax 
of 0" 334 giving a light journey of 9 8 years, was found to be 
the nearest to the earth Altair at a distance of 14 light 
years (parallax 0" 232) came next, Aldebaran, at 30 light 
years (parallax 0" 109) third From Arcturus and Betelgeux 

1 Gape Annals vol vm pt n p 141 
2 Gill Proc S African Phil Society^ Sept 17 1902 
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an almost identical result was derived Each is plunged in 
a profundity of space represented by 126 years of light 
travel , and this implies the real luminosity of Arcturus to be 
approximately 1000 that of Betelgeux to vary a little on 
either side of 800 times the solar biightness 

So closely and so consequentially have advances in this 
arduous branch followed the growth of improvement in 
heliometers that direct visual measurements for the purpose 
with any other instrument might almost seem waste of labour 
Nevertheless the transit circle has been unexpectedly rendered 
thus available Professor Kapteyn originated in 1889, the 
determination of stellar parallaxes by differences in right 
ascension giving for fifteen stars results at once acknowledged 
as authentic , ^ and his method was applied to ninety six stars 
by Professor Flint at the Washburn Obseivatory (U S A ) in 
1893 96^ It IS safe and expeditious and serves as a useful 
adjunct to work with the camera Photographic parallax 
researches were effectively set on foot by Professoi Pritchard 
His first experiment was with the classic 6 1 Cygni, of which 
330 separate impressions obtained m 1886 87 furnished the 
materials foi 30 000 measures or bisections of star images^ 
For the immediate end in view these extraordinary pains 
were largely superfluous, but they had the ulterior object 
fully attained by their means of establishing the credit of a 
novel and unfamiliar method The most delicate of all 
astronomical inquiries was thenceforward with the full assent 
of experienced judges admitted to be within the competence 
of the celestial photographer 

The advantages of determining parallaxes from sensitive 
plates aie manifold Perhaps the chief of them is the nearly 
mdefinite power of control they afford Any of the impiintcd 
stars situated at all near the prolongation of the major axis 
of the parallactic elhpse (m other words with a tolerably 
large parallax factor ) may be used as a point of refeicnce 
Comparisons can thus be multiplied almost at pleasure and 
mferred displacements with regard to one star checked by 
recourse to another duplicate plates being at hand for addi- 

^ Astr N’ach No 2935 Annalen der Sternwarte %n Le%den Bd vn 
Fuhl Washburn Observatory vol xi 1902 
® Monthly Motices vol xlvii p 87 



THE DISTANCES OF THE STAES 


299 


tional safety By the proper use of such safeguards delusive 
results can be all but certainly excluded Moreover relaUve 
parallax becomes virtually absolute when comparisons are made 
with a great number of stars most of which are presumably 
too remote to complicate the result by perspective movements 
of their own 

"Within its pecuhar province photography comprises stars 
too faint to be conveniently dealt with by visual means For 
the images of those much brighter over-exposed through the 
necessity of giving the small stars in their neighbourhood 
time to imprint themselves become diffused mto blurred discs 
unfit for accurate bisection Plates on the other hand, taken 
by Dr Schlesinger with the Yerkes refractoi in 1903 4 proved 
well adapted for obtaining the parallaxes of eighth and ninth 
magnitude stars ^ Trial was made of only three , but one of 
them was a double star in Cepheus found to be ten times 
nearer the earth than Vega or Arcturus (parallax = 0^^ 278) 
Yet the pair give no more than (j the sun s light though 
their rapid mutual revolution suggests the presence in the 
system of considerable attractive power It will be curious to 
ascertain when then orbit develops suffciently to be com 
puted the relation in its members of mass to luminosity 

The main object of present inquiry is to obtain a wider 
basis for general conclusions regarding the distances of the stars 
For this purpose it is more important to secure a considerable 
number of parallaxes reasonably well determined than a few 
reduced by scrupulous care within the narrowest possible 
bounds of error Eesearch in this sense is already well on its 
way From statistics of proper motion Professor Kapteyn 
has derived trustworthy estimates of the mean distances of 
the stars according to their photometric rank^ In doing 
so he found it advisable to distinguish between the 
inembers of different spectral classes since the fact clearly 
emerged fiom his discussion that — as Mr Monck had indicated 
several years previously ^ — Sirian and helium stars are fully 
twice as lemote on an average as solai stars of the same 
magnitude A colossal scheme of direct inquiry was besides 

^ Astroph Journ vol xx p 123 
2 Ast 7 Nach No 3487 Qromngm Astr Fubl No 8 
3 Astr mid Astrophysus vol xi p 701 
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sketched by the Groningen astronomer m 1889^ and its 
feasibility established by experimental measurements of plates 
taken by Professor Conner at Helsingfors the results of which 
were made pnbhc in 1900^ But the proposed photographic 
survey of the heavens, by which the parallaxes of 800 000 
stars might possibly become known is still in abeyance Its 
execution would be most costly in time labour, and money , 
and their lavish outlay is discouraged by the bafSing smallness 
of the quantities sought to be disclosed 

Meanwhile we may attempt to summarise the outcome of 
preliminary explorations It is, in the first place decidedly 
unfavourable to the existence of any large parallaxes The 
possibility IS of course by no means excluded that stars may 
be found much nearer to the solar system than a Centauri 
but their discovery is growing every year less and less probable 
Sir Eobert Ball^ examined some years ago about 450 objects 
in a mannei which though summary, would have sufficed to 
bring to view any parallax of a single second of arc Hone 
was forthcoming His hst comprised a number of red and 
variable stars Hova Oygni Webb s planetary nebula, and the 
Wolf-Eayet gaseous stars in Cygnus , and it maybe noted 
in passing that spectral peculiarities are almost invariably 
associated with an uncommon degree of immobility in the 
sky The ninety six stars reviewed by Professor Flint on 
Kapteyns method were of a more promising character, and 
ninety two were selected by Dr Chase for rapid scrutiny 
with the Yale heliometer because their large proper motions 
supphed an argument of proximity , yet among them all, not 
one seems to be within a five years light journey of the 
earth Indeed, parallaxes even of one tenth of a second, 
signifying a light interval of thirty three years are held by 
Professor Kapteyn to be extremely scarce^ On the whole, 
perhaps one hundred stars ® have been shown to swing to and 
fro sensibly in response to the earth s orbital vibration , and 
the number of fairly well determmed parallaxes may be put 
at about seventy® 

1^2 de UGarU du Ciel No 1 p 262 Of Pulfnch Astr Nach No 
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The cardinal truth emerging from these inquiries is that 
of the extreme isolation of the solar system A skiff in the 
midst of a vast nnfurrowed ocean is not more utterly alone 
About the same proportion would be borne by an oasis one 
mile across to a desert twenty times as extensive as the 
Sahara, that our sun with his entire planetary household 
bears to the encompassing void of space The enormity of 
its blank extent is strikingly illustrated by Father Secchis 
remark that the period of a comet reaching at aphelion the 
middle point between our sun and the nearest fixed star 
would be of one hundred million years, ^ and, by recent 
measures, the nearest fixed star has been pushed further back 
into space by one quarter the distance assigned to it when he 
wrote Yet the sun is no isolated body To each individual 
of the unnumbered stars stiewmg the firmament down to the 
faintest speck of light just shimmering in the field of the 
Lick refractoi it stands in some kind of relationship 
Together they master its destiny and control its movements 
Independent only so far as its domestic affairs are concerned 
it IS bound as a star to the other stars by influences reaching 
efficaciously across the unimaginable void which separates it 
from them The outcome of those influences in the trans 
latory motion of the solar system we shall consider in the 
next chapter 


1 Lcs Mo%Us tup 146 



CHAPTEE XXIII 

TRANSLATION OF THE SOLAR SYSTEM 

The study of the stars inevitably leads us to consider the 
advancing movement in the midst of them of the sun and its 
attendant tram of planets There can be no reasonable doubt 
— aud the thought is an astounding one — that we are en- 
gaged on a voyage through space without starting point or goal 
that we can know of which may prove not wholly uneventful 
Its progress may possibly bring about as millenniums go by 
changes powerfully mfluential upon human destinies , nay, an 
incident m its course may at any time by the inscrutable 
decree of Providence terminate the terrestrial existence of our 
race and consign the records of its civilisation in dust and 
cinders to the and bosom of a dead planet A curious sense 
of helplessness tempered, however, by a higher trust is pro- 
duced as we thus vividly realise how completely we are at 
the mercy of unknown forces — ^how irresistibly our little 
lodge in the vast wilderness of the universe is swept 
onward over an annual stretch of some four hundred millions 
of miles under the mysterious sway of bodies reduced by their 
almost infimte distances to evanescent dimensions 

But as things are constituted the translation of the sun s 
household is a necessity albeit one of startling import to our- 
selves The stellar system is maintained by the balance of 
forces and motion is the correlative of force As a star among 
stars the sun can only maintain a separate existence by con- 
tributing its share to those harmonies of movement by which 
the heavens show forth the gloiy of God ^ Destruction 
would be the eventual penalty of even a moment s immobility 
— a penalty mdeed, which might not be exacted until after the 
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lapse of many millions of years It may reasonably be 
assumed that a Centauri exercises upon the sun the strongest 
attraction of any individual star, but a collision would ensue 
very tardily upon abandonment to its influence The sun (if 
undisturbed by competing pulls) would fall from a position of 
rest towards its next neighbour less than the third of an inch 
in the fiist month , the second month would see despatched 
nearly a full inch of the journey of twenty five billions of 
miles, and although the acceleration would of course grow 
more rapid as the distance diminished upwards of fourteen 
million years should pass before the files of sun and star, 
probably become extinct during their gradual approach could 
be rekindled by the catastrophe of their impact 

There is then an a fr%or% certainty that the sun moves , 
and assurance on the point is rendered doubly sure by 
inferences from observed facts For besides their annual 
parallax due to the earth s motion round the sun, the stars 
have a ‘ secular oi systematic ’ parallax depending upon 
and attesting the reahty of the suns motion round an 
unknown centre Let us see how this systematic parallax can 
be mvestigated 

If the sun alone were in motion and the stais at rest the 
results in perspective displacements would be simple and un 
mistakable Each star would appear to travel backward along 
a great circle of the sphere, passing through the two points 
towards and from which the sun’s course was directed So 
that there would be the semblance of a general retreat from 
the “ apex or solar 'pQ%nt de mire coupled with a thronging in 
from all sides towards the opposite point or anti apex For 
each particular star the amount of displacement should vary, 
inversely as its distance from ourselves in space directly as 
the sine of its angular distance from the apex Hence if the 
anmial parallax of even one such sensibly shifting stai were 
determined, not only the rate in miles per second of the 
solar progression would at once follow, but the parallax of 
every othei sensibly shifting star in the heavens could be 
deduced by a simple calculation from the relative cjuantity of 
its apparent movement 

But the stars are not at rest They have movements of 
then own, greatly swifter, in many cases, than th it of the sun 
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Perspective effects are thus to a great extent masked Yet 
they subsist It is mathematically certain that every star 
whatever its own course or speed reflects the sun s motion m 
the strict measure of its position with regaid to it What aie 
called the proper motions of the stars are then made up of 
two parts one real, the other apparent They include a 
common element the separation of which from the hetero 
geneous admixtures disguising it, constitutes the problem to 
be solved 

With the instinctive appreciation of genius Herschel went 
straight to the heart of the matter What had to be done, he 
saw clearly was to find out the direction which should be 
given to the sun s course, in order to make it account for as 
large a proportion as possible of the sum total of stellar 
movements ' Our aim must be he wrote in 1805 'to 
reduce the proper motions of the stars to their lowest 
quantities ^ And again The apex of the solar motion 
ought to be so fiixed as to be equally favourable to every star 
But how is this to be done ^ Yery simply if we only consider, 
as Herschel did a few of the brightest stars 

Take for example, four stars with conspicuous movements 
two in the northern two in the southern hemisphere , namely 
Vega Capella Sinus and Fomalhaut The great circles of 
which each annually desciibes a minute arc traced backward 
on the spheie very nearly intersect in a single point situated 
in the constellation Hercules^ Had we only the motions of 
those four stars to consider we should accordingly infer with- 
out hesitation the suns way to lie thitherward ISTor 
should we be very fai wrong The most refined modern 
determinations of the solar apex, founded upon the motions of 
several thousand stars differ among themselves to an extent 
comparable with their mean deviation from the result of the 
extremely summary proceeding just indicated 

The graphical method, however is evidently applicable 
only to a very restricted stock of data When a crowd of 
stars have to be taken into account the points of intersection 
of their respective circles of motion become spread over too 
wide an area for a mean apex to be struck out faiily 

^ Phil Trcms vol xcv p 248 

2 This was remarked by Klmkerfues Gottingische 1873 p 860 



TEAN'SLATIOlir OF THE SOLAE SYSTEM 305 


between them even by the exercise of a judgment as dis 
criminating as that which in 1783 led Herschel to place the 
goal of solar travel in the vicinity of X Herculis The 
accumulated facts must then be dealt with by a method at 
once stricter and more comprehensive A glance at the 
nature of the task in hand easily suggests to a mathematician 
what that method should be 

The proper motions of the stars give as already hinted 
the plainest evidence of individuality The lines pursued by 
them run in all possible directions But a sub stratum 
of regularity underlies this seeming confusion A mere 
inspection of the signs plus and rmnus signifying respectively 
east and west and north and south attached in catalogues to 
the components in right ascension and declination of stellar 
movement suffices to show a general prevalence of law through 
the unequivocal tendency of the signs to vary concordantly in 
passing fiom any one to an adjacent region of the heavens ^ 
At a coup d ml Argelander fixed the point from which this 
under current of motion flowed and so gave an improved apex 
for the course of the sun confirmed in the main by subsequent 
reseaieh ^ It is then clear in the first place that no movement 
possibly assignable to the sun can explain all stellar displace 
ments, a large residuum being real and therefore by no ingenuity 
to be got rid of While in the second place the nearer the truth 
IS appi cached as regards the direction and amount of the sun’s 
motion, the smaller obviously this residuum will be In other 
words the most probable value of the solar motion will be that 
which renders the ‘ sum of the squares of the residuals ’ of 
stellar motion a minimum 

But why the sum of the squares and not the simple arith 
metical sum of the outstanding proper movements ? It needs 
only common sense, aided by the most elementary geometry 
to get a sufficient insight into the reason Any one can see 
with the help of a pencil and a piece of paper that if a line 
be divided into two segments and squares be constructed on 
the segments the sum of those squares will be the least possible 
when the line is equally divided and will increase continually 
with the inequality of the segments This simple fact gives 

1 Stone Monthly Notices yoI wvii p 239 
M6mo%') es jpr4$entis d> I Acad St P(iteisboixrg t in p 669 
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the clue to the prmcxple of least sq^uares Its object is to 
elicit sucli a quantity as will make the outstanding errors of 
observation, oi any other kind of residuals, as small as possible 
all ro%%d ’ Hot merely small taken m the aggregate but 
reduced impartially to a uniform level of insignificance 
Under these circumstances as we have seen from the con- 
sideration of our divided line the sum of their squares will be 
a TmmmiTm ^ and it can be mathematically demonstrated that 
the most probable result of such investigations as are sus- 
ceptible of this kind of treatment, is arrived at when the 
condition of ^ least squares is fulfilled 

This mode of attack upon the problem of the sun s trans- 
lation was first employed by Argelander in 1837 Assuming 
provisionally the correctness of Hersehel s apex he proceeded 
to compute for each of 390 stars with ascertained proper 
motions the hnes along which those motions should proceed 
if due to systematic parallax alone Their deviations from 
the prescribed directions gave him 'angles of error which, 
placed in the category of casual errors of observation and 
treated by the method of least squares indicated a corrected 
apex such that by its adoption, the sum of the squares of 
the differences between what was calculated and what was 
observed — that is between the purely parallactic drift of the 
stars and their actual displacements — was reduced to the least 
possible amount The solar movement was in a word so fixed 
as in Hersehel s phrase to he equally favourable to every 
star a condition fulfilled by directing it towards a point in 
right ascension 260 61' north decimation 31° 17'^ But 

there is much reason to heheve that the position of maximum 
neutrahsation — so to call it — areally lies some fifteen degrees 
further to the east 

An important modification of his method was introduced 
by Sir George Airy in 1869^ Abolishing the conception of a 
spbencal surface of reference, he defined the linear move 
ments in space of the sun and stars with regard to three 
directions at right angles to each other (“ rectangular co 
ordinates ) No assumption of any kind was then needed , 
the subject was treated with the utmost strictness and gener 

^ Mi'iTLOvres pr^sentis t iii p 590 
Memoirs H Astr JSoc 70 I xxTiii p 143 
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alitj and some possible causes o£ error were removed Airy s 
had many points of tlieoretieal siiperiority over Argelander s 
method That however of introducing the consideration of 
the qmnUty of each stars movement was to a great ertent 
counterbalanced by the necessity which it involved of adopt 
mg precarious suppositions as to the distances of the classes 
of stars employed The apex for the solar movement resulting 
from the consideration of 113 stars was situated m RA 
2 61° 29"" Dec +-24 44', while Mr Mams similar tieatment 
of 1165 stars shifted it to R A 263° 44' Dec +- 25 ^ 

This great subject was again investigated by M Ludwig 
Stmve in 1887^ The incitement to undertake a task 
rendered formidable by the very wealth of the materials at 
his disposal was afforded by Auwerss fresh reduction of 
Bradleys Greenwich observations From a comparison of 
the star places authoritatively detei mined for 1755 with 
those given m the St Petersburg catalogue for 1855 a list 
of 2814 proper motions was derived, of which 2509 were 
available for M Struves purpose Among the stars for 
various reasons excluded were the seven swiftest travelleis 
as unduly affecting the result through motions no doubt 
mainly original 

The outcome of this exhaustive discussion was to place 
the apex of the solar motion mRA 273° 21' north deehna- 
tion 27 19^ a rate being assigned to it such that the space 
traversed in a centuiy viewed square from the average dis- 
tance of a sixth-magnitude star would subtend an angle of 
4^ 3 6 Admitting that stellar distance varies inversely as the 
square root of stellar brightness hence that stars of the first 
are, on an average, only one-tenth as remote as stars of the 
sixth magnitude we can with the help of Dr Elkin s mean 
parallax for the former class translate this angular into linear 
velocity It comes out 14-^ miles a second 

Well nigh the whole of the stars visible to the naked eye 
in the northern hemisphere concuired m M Struves deter- 
mination It was conducted on Airy s method hkewise 
adopted m 1890 by Lewis Boss in a discussion of 253 proper 
motions extracted fiom the ' Albany zone the observation of 

^ Memoirs R A sir ^oc vol xxxii p 27 
Mdmozres de St Piter sbourg t xxxv No 3 1887 
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whicli had just then been completed for the Astronoraische 
Gesellschaft Catalogue He obtained an apex in EA 280 , 
D 4 . 4 O ^ near the q[uadruple star e Lyrae , and recurring to 
the subject in 1901 finally concluded foi a point five degrees 
further north*’ A notable attempt too was made by M 
Oscar Stumpe in 1890^ to show that the apexes separately 
deduced fioni various classes of stais shifted systematically on 
the sphere This seemed to involve the important disclosure 
that the groups of stars considered had distinctive aggregate 
movements and were hence dominated by different gravita- 
tional influences , but the effects brought to view have probably 
as much to do with the correction of catalogue places as with 
the laws of sidereal construction ^ That these aie also con- 
cerned was proved by a research based on the proper motions 
of Groombridge s circumpolar stais executed by Messrs Hyson 
and Thackeiay at G-reenwich in 1905 ^ Solving their equations 
separately for stars of the first and second spectral types they 
obtained from the separate collections markedly divergent 
directions for the suns route and thus as the upshot of 
their experiment, laid bare one of the hidden links between 
the dynamical and the physical relations of the stellar 
world 

A material advance was made towards disentangling the 
mtncacies of the solar movement by an innovation in the treat- 
ment of proper motions It might have been supposed that every 
device for their manipulation had been exhausted, and that the 
decipherment of their perspective significance was complete at 
least m principle, yet Professor Eapteyn contrived in 1893, 
to give it a novel stamp of clearness and certainty Eesolving 
one by one the whole stock of star movements at his disposal 
along and at right angles to the great circle passing through 
a solar apex assumed as the most probable he succeeded in 
isolating their parallactic element much more perfectly than 
had been done before The fundamental nature of the 
problem was thus laid bare , obscurities were dissipated , and 
there ensued a determination of first-rate authority according 

1 Asir JouTTi 1^0 213 Zbid No 501 

® Astr JSFach Nos 2999 3000 

KAptejn Nos 3721 22 3859 60 Froc Amsterdam Acad of JSc%e 7 ices 
Jan 27 1900 
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to which the suns path is directed towards a point in EA 
274 D + 30 , just SIX degrees south of ic Lyrae Its sub- 
stantial accuracy was vouched for by Professor Newcombs 
masterly researches^ Profiting by long experience in evading 
pitfalls and estimating sources of error he deduced from 2527 
small proper motions a solar apex inEA274 0 + 31, from 
600 larger, one situated inEA 277 D + 31 Which result 
deserves more confi.dence cannot off hand be decided , but we 
may hope — although this is by no means sure — that their 
difference represents the surviving extent of uncertainty 

The plan of inquiry just sketched, although it serves 
wonderfully well on the whole, for the ascertainment of the 
route followed by the solar system in space avails little 
for determining its velocity For this purpose the distances 
of the stars employed as indexes should be known , and they 
can only be estimated for ranks and classes more or less 
precariously Kapteyn and Newcomb have however vastly 
improved the method of evaluation and they agiee in fixing 
ten miles a second as the approximate rate of the sun s 
■journey But a more direct way of arriving at it has in 
lecent times been thrown open 

We have elsewhere explained the principle of spectroscopic 
determinations of motion^ Their peculiar value consists in 
then independence alike of distance and of visible displace 
ment Eeferring to movements visually imperceptible they 
complete knowledge of stellar velocities by giving their other 
wise unknown 'radial components Apait from this mar 
vellous application of the spectroscope the real directions 
pursued by the stars as they travel could nevei have been 
ascertained since we can immediately discern only that part 
of their motion lying across the line of sight which, in 
individual cases may be all or none By the spectroscopic 
revelation however of motion ^n the line of sight the missing 
element is supplied precise and paiticular knowledge may be 
had for the asking and the stars voyage under astronomical 
scrutiny no longer as mere fl.itting bright specks on the surface 
of an imaginary sphere but as suns in space of three dimen 
sions each with its secret ^n jpetto and its destiny in reserve 

1 Astr Journ No 457 1899 The Stars p 91 
^ S%st of Astr 4tlied pp 200 386 ante p 186 
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The effects of lecession and approach on the light emitted 
hy moving objects being physical and real they lemain 
unimpaired by distance Out at the verge of the sidereal 
system or close at hand within our own atmosphere, they are 
the same for the same velocities and can with a sufficient 
light supply be detected with equal facility Hence their 
special applicability to the problem of the sun’s speed To 
determine it with very approximate accuracy it needs only to 
compare the average radial celerity of a good number of stars 
lying in front of the sun s way with that of others he is leav 
ing behind Movements of approach must on the whole 
predominate in the one direction, movements of recession in 
the opposite half the mean difference representing the rate of 
transport of our system relatively to the stars used for the 
comparison The spectroscopic method nevertheless did not 
become really effective foi this purpose until the t\\entieth 
century had begun to run its course Experiments with the 
5 1 stars radially measured at Potsdam were evidently tenta 
tive , ^ they forecasted rather than afforded results At Iasi 
in 1901 Professor Campbell^ having collected with the Mills 
spectrograph data less inadequate to the end in view deduced 
from them a movement of the solar system towards an apex 
in E A 277 30 ' D + 20 at the rate of 12^ miles a second 
The velocity may be depended upon — it is unlikely to be 
erroneous by more than a mile per second , but the direction 
IS subject to a somewhat wide uncertainty especially as 
regards decimation For the 280 stars taken into account 
being situated for the most part in the northern hemisphere 
the goal determined by their means was probably displaced 
towards the equatoi The deficiency of southern stars will 
however be supplied by the work of the Mills Expedition 
now in progress at Santiago , and a research based on sym- 
metrically arranged materials will then be practicable 

Thus both the course and speed of the sun and planets 
are not only included in the category of things hnowalle but 
there is every prospect of their becoming known with more 
and more satisfactory exactness in the immediate future All 

1 Homann A tr Nacfi ITo 2714 Sclionfeld V J S Astr Gfes Jalirg 
XXI p 58 Vogel Asir Nach No 3150 
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that IS needed is a closer and a wider application of means 
already in the hands of astronomers Still our curiosity will 
not even then be satisfied The value of the two items of 
information within our reach is indeed incalculable They are 
a sine qud non for the furtherance of inquiries into stellar 
mechanics , are they to be a ne pins nltra as well ^ 

The sun we are well assured is not travelling along a 
straight line The universality of gravitation makes recti 
linear movement next to impossible since no cosmical body 
can traverse space under the sole guidance of its own pnmi 
tive velocity It is true that supposing primitive velocities 
altogether abolished (and we know of no necessity for their 
existence) any number of bodies might be united into a 
system endowed only with pendulum like motions The sun 
and stars might thus by an abstract possibility be totally 
devoid of advancing or circulatory movements each swinging 
for ever to and fro through their common centre of gravity 
But it IS practically certain that this plan is not realised in 
the sidereal system 

The path of the sun is then a curve but a curve most 
likely of such vast proportions as to remain for ages indis 
tmguishable from a right line Strictly speaking its direction 
IS continually changing , the apex of to day will not be the 
apex of to morrow , still less will it be the apex of a million 
years hence Yet in a million years it may quite conceivably 
not have shifted from its present place in the sky by more 
than the width of the full moon, and our best deteiminations 
still fall far short of the accuracy which would enable us to 
detect a change of half a dozen times that amount Diiectly 
that IS to say , indirectly a much more insignificant alteration 
might disclose itself We will endeavour to explain how 

Pond who in 1811 succeeded Maskelyne as Astronomer 
Koyal made the remark that the sun s motion must produce 
a kind of secular aberration of light by which the stars are 
permanently displaced from their true positions ^ The well 
known consequence of annual aberration is to make them appear 
to describe little ellipses the semi axes of which depend upon 
the ratio of the velocity of light to the velocity of the earth 

1 Liagre Bull de I Acad Bruxelles t yiii p 168 1859 O Struve 
M6moms St B^tersbourg t v p 106 6 Sene 
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in its orbit But the sun s orbital movement being conducted, 
so far as experience yet goes in one direction the aberration 
due to it is in one direction too and is hence constant and for 
the present beyond the reach of observation It is, however con 
stant only so long as the movement producing it remains sensibly 
so As the latter changes it will change too and may in this 
manner be brought within the domain of human cognisance 
For upon the acceleration, retardation or deflection of the 
suns movement systematic changes among the stars should 
ensue the nature of which would at once betray their origin 
The total amount of this secular aberration may be roughly 
stated as one second of arc for every mile per second of the 
suns velocity Hence stars 90 from the solar apex are 
pushed forward towards it by about 12^' the effect upon 
other stars diminishing with the sines of their distances on 
the sphere from the same point These aberrational can be 
distinguished from the parallactic displacements similarly 
occasioned by their indifference to remoteness in space Stars 
far and near bright and faint swift moving and tardy are 
equally affected by them But while it is quite certain that 
visual disturbances of this kind are produced, their interest 
must for a long time remain purely theoretical Indeed it 
may well be that the modifications rendering them sensible 
and instructive will proceed with such exorbitant slowness 
that not even astronomical patience will avail to unmask them 
We do not know the plane of the suns oibit — only the 
direction of one line in it And that line pointing towards 
the constellation Lyra makes an angle of about 60 with the 
suns equator Thus, the solar movements of rotation and 
translation would seem to be unrelated one to the other , and 
the planetary revolutions to be similarly independent of inter 
spatial travelling Our whole system is driven obliquely 
upward by a power which takmg no apparent account of its 
domestic economy must have a source disconnected from the 
origmating impulse of the hehcoidal gyrations illustrated in 
Fig 36 from a diagram by Professor Young 

A remarkable feature of recent improvements in the deter 
mination of the suns course through the heavens has been to 
reduce to insignificance its deviation from the plane of the 
Milky Way This is an implicit testimony to their value 
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It IS difiGLcult to conceiYe that course prescribed otherwise than 
by the combined attractions of the galactic myriads The 
most probable supposition as to the situation of the centre of 
force swaying our system is that it lies somewhere in the 
cloudy zone which so enhances the mysterious beauty of our 
skies If the orbit we are pursuing be approximately circular 
then its centre must be distant by a q[uadrant of the sphere 
from the apex — it must lie 
somewhere on a great circle of 
which the apex and anti apex 
are the poles Now this great 
circle cuts the Milky Way at 
two opposite points in Cassiopeia 
and Centaur, and there, accord- 
ingly two alternative centres 
of the solar motion might be 
looked for Argelander chose 
for its position the spot near 
Cassiopeia marked by the 
great cluster in the swoid 
handle of Perseus , ^ but the con 
jecture made no pretension to 
scientific authority and the rm 36 -The Barth s Motion m Space 

1 X. 4. (Young) 

postulate upon which it was 

based o£ the sun s path being at all nearly circular is in truth 
of a highly precarious nature 

We are even ignoiant whether the ascertained translation 
of our great luminary represents a primary or a secondary 
order of stellar revolution It perhaps merely indicates the 
interstitial movement appertaining to the sun as a member of 
a restricted group of stars, the common transport of which 
proceeds undetected in a totally different direction Hence 
the possibihty suggested by Herschel of the presence of a 
higher kind of systematic parallax than that revealed m the 
drift of bright stars ® And Professor Campbell wrote after a 
full century had ripened experience The motion of the solar 
system is a purely relative quantity It refers to specified 
groups of stars The results for various groups may differ 

1 M6mo%res :prismiUs St Pctersbouig t iii p 602 
2 Phil Trms vol \xxm pp 1276 77 
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widely and all be correct ^ So fai however no tangible 
evidence has been adduced to show that difierences of the 
kind grounded in the nature of things really exist If they 
do they escape through the wide naeshes of the nets with 
which we capture grosser facts 

Progress is here only possible through careful and minute 
study of the residual movements of the stars — of the move 
ments that is to say which remain after the general perspec 
tive effect of the sun s motion has been subtracted and which 
belong accordingly to their individual selves The questions 
connected with them which most immediately present them 
selves are these Has the sun companions on its journey or 
does it travel alone ^ and Are real stellar displacements 
governed by any obvious law ^ 

The great multitude of the stais are to all appearance 
indifferent to the transport of our system They have clearly 
no share in it Just because they stand aloof and act as 
indicators of the way its progress becomes sensible to us 
For motion is not alone undiscoverable it is even unimagin 
able without some fixed point of refeience Yet we cannot 
pronounce with certainty against the existence of a particular 
dynamical bond connecting the sun with some few of the stars 
which foim with it a company associated by subjection to 
identical influences and engaged on the same journey thiough 
space As to the criteria by which such associated stars, if 
present can be discriminated from the rest something will be 
said in the next chapter 

There too we will consider what answer should be given 
to our second query A gieat deal depends upon it as regards 
our conception of the sidereal universe Hay the result of 
inquiry upon the point has a vital bearing upon the subject 
we have just attempted however inadequately to deal with 
For the assumption that the absolute movements of the stars 
have no preference for one direction over another forms the 
basis of nearly all investigations hitherto conducted into the 
translatory advance of the solar system The little fabric of 

^ Astroph Journ vol xui p 87 

Bravais it is xrae discarded the hypothesis of casual proper motions but 
had to substitute for it q^uestionable assumptions regarding stellar masses dis 
tances and velocities ^Journal de L%oumlU t viii p 436 (See Kaptevn 
Astr Nach No 3722 ) ^ ^ 
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laboriously acquired knowledge regarding it at once crumbles 
if that basis has to be removed Profitable inquiry into the 
circumstances of the sun s journey have been rendered 
feasible by the supposition that for the purpose m hand the 
movements of the stars may be treated as casual irregularities , 
should they prove to be in any visible degree systematic the 
mode of treatment adopted becomes invalid and its results 
null and void The point is then of singular interest , and 
the evidence bearing upon it deserves our utmost attention 



CHAPTEE XXIV 

THE PROPER MOTIONS OP THE STARS 

When the relative positions of the stars are compared at 
considerable intervals of time they are in many cases found 
to have undergone small but unmistakable changes of a 
seemmgly capricious character These are termed proper 
motions to distinguish them from merely nominal slnftmgs 
due to the slow variation of the points of reference which 
serve to define the places of aU the heavenly bodies as seen 
projected on the inner surface of an imaginary concave sphere 
Proper motions are by no means easy to get at Only from 
the most dehcate observations and with stringent precautions 
for bringing those at distant dates under precisely similar 
conditions can they be elicited with satisfactory accuracy 
Otherwise some trifling systematic discrepancies in the com- 
pared catalogues or oversights in computation might simulate 
genume effects of movement with disastrous influence upon 
sidereal investigations Hence proper motions cannot gener 
ally he regarded as estabhshed unless in addition to the 
termmal observations showmg a sufficiently marked change 
of place in the course of thirty fifty or one hundred years, 
at least one intermediate observation is at hand to prove that 
the suspected motion has proceeded uniformly in the same 
direction and is accordingly not the creation of personal or 
instrumental inaccuracy 

Although not one among the scores of millions of stais 
can with any show of reason be supposed at rest, only 
ten thousand of the stellar army have up to the present 
shown measurable and progressive displacements^ Many of 

^ Dyson Observatory vol xxyiii p 275 
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these including nearly all the lucidoe of the northern hemi 
sphere were observed by Bradley between 1750 and 1762, in 
the southern LacaiUes simultaneous labours serve to authenti 
cate the changes of some three score of objects to which he 
devoted especial care So that a large stock of highly accurate 
data already possesses an antiquity of one and a half centuries , 
the catalogues of Piazzi, Lalande and Groombridge are of two 
thirds that age , while multiphed subsequent observations 
afford a further supply from which fresh and well determined 
proper motions are continually being harvested from the seed 
planted by an earlier generation 

The aspect of the heavens is, to the unaided sense virtually 
unchanging The constellations disclosed at the present time 
by the nightly withdrawal of the veil of twihght would be 
familiar could they revive to survey them, to the watchers 
from the towers of Babylon And most of the star ahgnments 
given in our text books might be as useful to students of 
celestial physiognomy a couple of thousand years hence as 
they are to day Every one of the mdicated stars will mdeed 
most probably by that time have shifted its place to the 
extent of many thousands of millions of miles Yet so over 
whelmmgly vast is the sidereal scale that thousands of millions 
of miles measured upon it sink into insignificance 

Stars advancing in a century as much as 30" oi about 
the width of the full moon are counted rapid travelleis, 
and the swiftest class with secular motions of 100" and 
upwards now embraces about one hundred members Each 
of these were it bright enough for ordmary perception 
would in a couple of millenniums become very sensibly 
displaced even to an unskilled observer But only a small 
proportion of the quickest stars are visible to the naked 
eye and only ten reach the fourth magnitude, hence their 
shiftings make very little difference in the general effect of 
the starry skies 

As might have been expected the stais in most rapid 
apparent movement are among those nearest to the earth 
Vicinity in fact, and angular velocity vary together Dis 
placements on the sphere are large just m the proportion that 
the distances of the objects travelling identically in space are 
BTriflU Were there any approach to uniformity in the real 
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velocities of the stars we could then fairly estimate from 
their seeming movements their relative situations as regards 
ourselves Eut there is no such approach to uniformity 
Boundless variety prevails here as in every other branch 
of sidereal statistics Stars with large proper motions are 
sometimes enormously remote , and, if stars with large paral 
lazes and little or no movement have not been discovered it 
IS perhaps because they have not yet been looked for Their 
occurrence for a reason to he presently explained would he of 
great interest and is not unlikely to he certified by measure 
ments on photographic plates 

But however great the range of variety it seems certain 
beforehand that on the whole the amount of visible motion 
in a given number of stars must decrease as their distance 
increases And since their brightness falls off at the same 
time although much more rapidly there appears no escape 
from the conclusion that motion and magnitude must on a 
wide average vary together according to a definite ratio 
From stars of the sixth photometric magnitude for instance 
we receive only one hundredth part of the light sent to us by 
stars of the first magnitude , they must then one with another 
he ten times more remote Otherwise we should he driven to 
the unwarrantable assumption of a systematic difference of real 
lustre between apparently large and appaiently small stars 
But, if the average distance of sixth-magnitude stars be ten 
times then their mean motion should be only one-tenth that 
of stars of the first magnitude Yet m point of fact this 
IS not so The proper movements of classes of stars dimimsh 
indeed very notably with their brilliancy but not in the 
computed proportion The discrepancy deserves attentive 
study 

The average proper motion appertaining to the sixth 
magnitude as determined directly by M Ludwig Struve 
from 64Y of Bradleys stars is in one hundred years ^ 

Ten times this q[uantity or 8 O''" ought to be the average move- 
ment of stars of the first magmtude But the mean derived 
from the actually observed shiftings of the twenty brightest 
stars m both hemispheres is only 60'^"' 

Stars of the second magnitude are still more noticeably 
^ Memoir es de St JSiterslourg t xxxt No 3 p 8 
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inert They should be on the photometric scale 6 3 times 
nearer to the earth than stars of the sixth magnitude This 
would give for their mean secular motion 8^' X 6 3 = 50'' 4 
Twenty two such stars however, from Bradleys and the 
Pulkowa catalogues show no more than 17" And even this 
low figure more than doubles that lepresenting the average 
movement of forty two southern stars of 1 7 to 2 7 magni 
tudes forming a descending sequence with the ten of first 
magnitude Nor is this average improved by consideiing only 
the first twenty on the list from ^ Crucis of 1 7 to /c Ononis 
of 2 2 magnitude The swiftest of these (7 Crucis) travels 
only 20" a century, taken all round they move 8", or with 
exactly the speed of stars presumably more than six times as 
remote ^ 

The anomaly of low apparent velocity is accentuated by 
the close agreement between M Struve s results for stars from 
the second to the fourth rank inclusive A glance at the 
accompanying Table from his Memoir will serve better than 
verbal explanation to make the matter intelligible The object 
of its compilation was to exhibit the divergence between the 
proper motions actually determined and those computed from 
the basis of the mean secular displacement corresponding to 
the sixth magnitude In the fourth column however we 
have substituted figures derived from strict photometric star- 
distances for others depending upon a scale of distances in- 
volving dubious assumptions 


TMe of Secular Mean Proper Motions of all Bradley s Stars 
differing iy not less than eight tenths of a magnitude 




Mean Motion 

Magnitude 

No of Stars 





Observed 

Computed 

1 

9 

66 6 

80 0 

2 

22 

17 2 

60 4 

3 

51 

16 5 

31 8 

4 : 

106 

16 2 

20 6 

5 

318 

8 3 

12 7 

6 

647 

8 0 

8 0 

7 

92 

6 8 

5 0 

8 

11 

12 6 

3 2 
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It will be observed that the velocity of each order brighter 
than the sixth falls short of its theoretical amount while that 
of the fainter orders exceeds it We hasten to add that (as 
M Struve points out) little or no dependence can be placed 
on the above mean rate of eighth magnitude motion deduced 
from measurements of only eleven objects 

And now what are we to think ? How can we account 
for the indicated deficiency of proper motion in the brighter 
stars ^ Thiee possible explanations present themselves It is 
conceivable that stars say of the sixth and seventh are really 
smaller or dimmer bodies on an average than stais of the first 
and second magnitudes and are consequently less remote than 
they should be on the more natmal supposition of their 
equality Their diminished distance would then at once 
render their extra celerity intelligible Again there may be 
a systematic increase of motion outward fiom the sun pro 
ducing in the fainter stars preponderating rates of displace- 
ment Or thirdly there may exist a special class of stais 
deficient m light power but travelling with exceptional speed 
by the mfluence of which the balance of seeming swiftness xs 
turned in favour of the less brilliant classes of stars 

Of these alternatives the second may be dismissed as 
being at variance with our best information There remain 
the fiist and third neither of which certainly represents the 
whole truth although each not improbably corresponds to 
some partial aspect of it A harmonious adjustment of then 
claims to credibility is thus difficult to bring about amid the 
josthng of mutually adverse inferences Professor Kapteyii 
has established by diligent sorting and sifting of multi 
tudmous data the bioad principle that proper motion varies 
in amount in the due proportion of distance But he has 
also established that magnitude is no safe index to distance, 
apart from the discrimination of spectral types Stars of 
Sman and helium quality taken all round are in fact 2 V 
times more remote than solar stais of the same photometric 
rank The former accordingly shine with a seven -fold 
intensity comparatively to the latter Hence variations in 
the distribution of the spectral genera may greatly perturb 
the methodical progression of observed proper motions Here 
is one obvious source of anomahes , and the large relative 
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number of ' white ' stars included among the four or five 
dozen most lustrous gems of the firmament (see Appendix 
Table I ) should be noted in this connection 

It must further be inq^uired whether stars of all classes 
and situated in all parts of the sidereal world are equally 
mobile ^ Kapteyn and Newcomb agree that systematic 
differences are unapparent , but line-of sight measures furnish 
evidence of a more direct kind than that examined by them 
Now, in classifying the radial velocities of the 280 stars 
employed in determining the solar translation Professor 
Campbell found their rate to increase notably with faintness ^ 
Within the scope of his investigation, the result was assured 
but its scope was restricted Individual peculiarities of the 
stars embraced by it may have been concerned This requires a 
word of explanation Messrs Fiost and Adams have gathered 
strong indications from their work with the Bruce spectrograph 
on the 40 inch Yerkes refractor that helium stars really travel 
in space more slowly than other stars ^ Hence if objects of 
this kind were represented more largely among the bright, 
than among the fainter stars on Professor Campbell s list the 
discrepancies in their rates of movement would be accounted 
for That their true explanation must be sought in some 
such special circumstance rather than in any systematic 
diveisity is practically certified by exhaustive statistical 
inquiries, and more particularly by Professor Comstock s 
study of a collection of stars ranging from the ninth to the 
twelfth magnitude^ Their average hnear velocity estimated 
by Kapteyn s unexceptionable method agreed almost precisely 
with that of Campbells stars notwithstanding their photo 
metric inferiority to them, in the mean by no less than six 
magnitudes Summing up then it appears that stars of the 
same spectral type wherever situated possess in a general 
way similar movements, but that helium stars are perhaps 
genuinely slow in pace , while Sirian stars seem more leisurely 
travellers than solar merely because they show equally bright 
at a much greater distance 

Yet the preponderance of small stars in every enumeiation 

^ Astrojph Journ vol xm p 86 
^ Ihd vol xvii p 246 Decen JPuhl vol viii p 105 
® Astr Joum No 558 

21 
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of rapid proper motions is a challenging fact Its accepted 
explanation is that the average of stellar size is low — that 
triton suns are few minnows numerous Possibly however 
their deficiency is in light rather than in mass A sample 
of the evidence hearing on the point is collected in Table VI 
of our Appendix which gives the magnitudes and motions of 
the thirty qmchest stars of our acquaintance More than half 
are invisible to the naked eye , the four heading the list have 
a mean magnitude of 7 3 , no less than eleven range from the 
eighth to below the ninth while only two stars of the first 
none of the second, and one of the third magnitude are in 
eluded in the conspectus The largest proper motion yet 
detected belongs to an 8 5 magnitude star situated in the 
southern constellation Pictor Its discovery in 189 7, m 
which Kapteyn and Innes co operated^ was one of the many 
fruits of sidereal knowledge plucked during the preparation 
of the Gape Photographic Durchmusterung It superseded as 
the champion racer and far outstrips 1830 Groombiidge an 
msignificant star in the G-reat Bear picked out by Argelander 
in 1842 for a rate of progress which would carry it in 185 000 
years round the entire sphere or in 265 over as much of it as 
the sun s diameter covers The corresponding annual advance 
amounts to 7" , and it is very nearly equalled by two small 
southern stars observed by Gould during his stay at Cordoba 
One IS a 7 2 magnitude star in the Southern Eish (Lacaille 
9352) the other one of 8 2 in the constellation Sculptor 
Hext on the roll comes 61 Cygni with a proper motion of 5" 2 , 
and a Centauri with 3" 7, has eleventh place Double stars 
are frequently conspicuous for rapid movement, and it is 
noticeable that three out of the four first -magnitude stars 
with proper motions exceeding one second of arc yearly — 
namely Sinus, Procyon and a Centauri — are binaries 
Struves general inference as to the quicker translation of 
multiple than of simple objects has received much support 
from further experience ^ 

The proper motions of stars include, as was explained 
in the last chapter an apparent as well as a real element , 
they consist in technical phraseology of the motus pmal 

^ Astr Nach 3466 (Kapteyn) Ohser'datory yoI xxii p 99 (Gill) 

^ Gavin J Burns Astrojph Journ vol xvii p 67 
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lacUcus optically transferred to the whole stellar multitude 
from the single real motion of the sun and the motus 
pecuharis belonging to each individual star The separation 
of these two constituents blended together on a cursory 
inspection is a necessity for progiess This is what Kapteyns 
mode of analysis aims at and in a measure accomplishes 
For the motion of a star in a direction perpendicular to that 
of the suns route is altogether its own, it is an objective 
fact, and the comprehensive study of such components of 
stellar velocities purified by a sort of fractionation from 
parallactic ingredients affords undoubtedly the most promising 
means of gaming insight into the general plan of celestial 
revolutions 

But the motus pecuharis itself is only a projection upon 
the sphere of a line of travel which may make any angle with 
the line of sight Its amount then varies with direction no 
less than witli distance and actual velocity A star may 
appear devoid of motion simply because the whole of it is 
' end on , while the movements of others seem large because, 
lying square to the line of sight they are completely effective 
foi apparent displacement Here just where ordinary observa 
tion IS baffled the prismatic method comes to the rescue The 
spectroscope ^ takes up the running for the telescope 

The alliance could not have been rendeied effective but 
for the momentous improvements effected late in the nine 
teenth century in the processes of celestial photography The 
prerogatives of the camera in this line of work are enormous 
Hot only do the worst mischiefs of atmospheric disturbance 
vanish with its employment but the upshot of measure 
ments executed upon one line can be checked or ratified 
by comparisons with other hnes in the same spectrum and on 
the same plate Where motion is in question all must be 
equally affected by it , hence perfect security agamst illusion 
18 afforded The full realisation of these advantages through 
Vogels skilful use of the spectrographic apparatus erected 
by him at Potsdam in 1888^ thus constituted an advance of 
first rate importance in practical stellar astronomy 

The example thus set has been widely followed — in 
America, at the Cape m Europe at Cambridge Pulkowa and 
1 JfonatsbericJite Berlin March 15 1888 p 397 
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Pans ITiimerous discoveries of spectroscopic binarf systems 
ensued and have been adverted to in an earlier chapter ^ but 
they came mostly as unsought gratuities and were fortunately 
not as effective as the apples of Atalanta in diverting endeavom 
from an ultimate goal Eesearches into sidereal construction 
axe essentially of a statistical charactei , they demand large 
bodies of data , and those concerning radial velocities must be 
lendered comparable m abundance to those already accumulated 
of the projected movements of the stars before such researches 
can he prosecuted with entire success Eventually too radial 
velocity can be made to serve as a test of mean parallax It 
may fairly be assumed that stars travel on an average with 
equal speed along each of the three co ordinates of cubical 
space Comparing then the mean radial speed in miles per 
second of a given group of stars with their mean displace 
ments in seconds of arc along circles of decimation or right 
ascension we at once learn their mean distance since we thus 
virtually translate angular into linear displacements^ It is 
true (as can be seen from an inspection of Table VII in our 
Appendix) that much swiftei rates of stellar transport have 
been determined in a tangential direction than in the line of 
sight j but the inequality may he an accident of investigation 
which its further progress will redress Meanwhile, there is 
much reason to believe that no general disparity of the kind 
subsists Estimates of the average total velocity of the stars 
in space were derived by Kapteyn and Newcomb from their 
observed proper motions and by Campbell from then measuied 
rates of approach or recession They agreed almost exactly 
With reference to a fictitious stationary centre of the stellai 
assemblage, a medium star is displaced by 21 or 22 miles 
a second 12^ miles being the rate of our sun We are 
accordingly borne along in the tram of a somewhat sluggish 
luminary ^ 

Table TII 2 gives a list of stars with thwartwise move 
ments exceeding 25 miles a second They aie sometimes 
called ' runaways because their headlong course seems hardly 
compatible with entire subjection to the sway of gravity 

The first of these starthng examples to become known 

^ Kleibei Astr J!fac7i No 3037 
Nevcoml) The JStars p 304 
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was 1830 Groombridge The large proper motion and small 
parallax of this star compel the ascription to it of a speed — 
taking into account only that part of it lying square to our 
view of at least 150 miles a second — a speed uncontrollable 
according to Professor Newcomb by the combined attractive 
power of the entire sidereal universe For his calculations 
show that the maximum velocity attainable by a body falling 
from infinity towards and through a system composed of 
100000000 orbs each five times as massive as our sun an|i 
distributed over a disc -like space 30 000 light years m ex- 
tent would be 25 miles a second^ But 1830 Groombridge 
possesses more than six times this speed , and because velocity 
varies with the square root of the attracting mass, a world of 
stars of fully thirty six fold the potency of that assumed as 
probable would be required to set this object moving as it 
does unquestionably move ^ 

Now the velocity producible by an attractive system is the 
limit of the velocity it can control — that is bend into a closed 
curve It IS then certain that unless the stellar system 
possesses what we may call occult gravitational energies the 
star in question cannot be one of its permanent members 
Viitually in a straight line and without slackening it will 
pursue its course right across the starry stratum it entered 
ages ago on its unknown errand and will qmt ages hence to 
be swallowed up in the dusky void beyond There is how- 
ever an alternative supposition The star may be acted upon 
by unknown compulsive influences 

Lord Kelvin has lately estimated the quantity of gravi- 
tating matter needed to produce velocities such as the 
generality of stars exhibit He finds it to be that of a 
thousand million suns like our own evenly distributed 
throughout a sphere with a radius of 3262 light-years^ 
A prodigious lapse of time would further be needed for the 
development by continuous acceleration of the observed 
higher rates of speed , nor can we be quite sure that even 
these heroic measures would suffice to produce them Yet 
they are patent and not extremely scarce Groombridge 
1830 is no longer the only runaway of our acquaintance 

^ Pop AstronoTTy p 499 

Report Brit Ass 1901 p 663 Mature vol Ixiv p 626 
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Linear stellar speed apart from that share of it directed 
along the line of sight exceeds ITewcomb s computed maximum 
of 25 miles a second in about one third of the cases in which 
it has been ascertained and the excess is here and there 
very large Axcturus for instance travels at the tremendous 
rate of 257 miles a second jju Cassiopeiae at 113 , while five 
southern stars progress by 60 to upwards of 80 miles per 
second 

Flying stars ’ can then no longer be regarded as mere 
intruders into stellar society Whether or not belonging to it 
for better for worse they evidently at present form an im 
portant part of it and the problem they present cannot be 
excluded from a general consideration of sidereal mechanism 
Indeed they furnish a most significant index to the workings 
of its secret springs They pursue their careers, so far as 
observation can yet tell in right lines and at a uniform speed 
Their high velocities would be otherwise less perplexing , for 
they might plausibly be attributed to the powerful attraction 
of invisible bodies in their neighbourhood representing, by 
analogy the rush past the sun of highly eccentric comets 
But the evidence is wholly against any such hypothesis All 
proper motions known to us — whether of single stars or 
of the centres of gravity of multiple stars — are sensibly 
rectilinear The centres of curvature presumably of the 
imaginary lines traced out by them are inconceivably remote 
A straight Ime is only part of the circumference of a circle 
of infinite radius 

The fact accordingly confronts us that not a few of the stars 
possess velocities transcending the power of government of the 
visible sidereal system Is that system then threatened with 
dissolution or must we suppose the chief part of its attractive 
energy to reside in bodies unseen because destitute of the 
faculty of luminous radiation ^ The presence of many such 
bodies IS unq^uestionable , and those of which we take in 
ferential cognisance may be few compared to the multitude 
wholly beyond our ken The power of the universe is certainly 
reinforced by the dark stars it includes , but to what extent is 
unknown, and the uncertainty helps to maintain inviolate 
the final secrets of our cosmical environment 

Physical peculiarities are not in any obvious way related 
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to excessively rapid movements Arcturus is a solar star 
shoTv^ing prominent titanium absorption and apparently well 
ad\ anced towards the Antarian stage Its mass is presumably 
enormous since its light power must be eq[uivalent to that of 
twelve to thirteen hundred suns * Its nearest competitors in 
swiftness 1830 Groombridge and Cassiopeise are on the 
other hand comparatively unpretending orbs , and neither 
differs markedly in spectral quality from our sun Indeed 
the solar type appears to be more often associated with high 
velocities than any other Stars with banded and gaseous 
spectia, and variables of all classes mostly exhibit but slight 
signs of displacement , but this may be an effect of remote 
ness, rather than of genuine inertness 

An unmistakable connection however exists between 
proper motion and sidereal locahty The late Mr Proctor 
drew attention to the prevalence in certain regions of the sky 
of what he termed ^ star drift ^ Here and there unanimity 
IS to some extent substituted for the caprice superficially 
characteristic of the peculiar movements of the stars 
Amid seeming confusion ordei and purpose by glimpses 
reveal themselves Battalions of stars fiyi^g synods of 
worlds — ^regardless as it were of the erratic flittings of the 
casual surrounding crowd march in widely extended ranks by 
a concerted plan along a prescribed track under orders sealed 
perhaps for ever to human intelligence 

Among the stars situated between Aldebaran and the 
Pleiades, there is little relative movement They aU drift in 
company towards the east by about 10^^ to 20^^ in a century 
Not, it IS true along stnctly parallel lines A fresh mvestiga 
tion by M Weersma^ of 66 members of theHyades group has 
brought to view considerable divergences Dr Downing s dis 
cussion^ too intimates very clearly the division of the main 
cluster into subordinate families travelling to some extent on 
their own initiative The general tendency of their course is 
no doubt largely due to the suns oppositely directed progress 
Five of the Seven Stars {sejptem triones) forming the 
Plough (those excluded being the Pointer next the pole, 

1 Proc Boy Society vol xtiii p 169 
® Q-T07iinge% P%l>lic(Xtions No 13 1904 
3 Journal Brit Astr Ass vol xv p 28 
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and ^ at the extremity of the handle) were regarded by Mr 
Proctor as members of a vast united group advancing with 
though outpacing the sun This remarkable inference has 
been endorsed by Professor Newcomb,^ and the reality of 
the visible flow of movement was substantiated by spectro- 
graphic evidence obtained at Potsdam showing that the stars 
in question are approaching the earth with a common velocity 
of about 18 miles a second^ The system they form has been 
roughly estimated by Dr Hoffler ^ to be situated at a distance 
of 200 light years, whence it follows that each must greatly 
exceed our sun in radiative splendour One of these linked 
orbs moreover carries with it as our readers aie aware three 
dependent stars namely the Eider star Alcor a slowly re 
volving telescopic attendant, and a more intimate associate 
spectroscopically revealed 

It IS scarcely likely that the combination is self 
centred Concordant motion does not necessarily imply the 
mutual revolution of the objects to which it belongs What 
it does imply is their dynamical connection But that 
connection need not be of the kind exemplified close at 
hand by the earth and moon It may rather be such as 
prevails between the earth and Venus or between Jupitei 
and Saturn The group in Ursa Major it is safe to assert 
includes examples of both kinds of relationship Of the 
movements of two satelhtes Mizar TJrsae) is the un- 
doubted mainsprmg The status of Mcor is dubious Its 
path at present appears strictly rectilinear , but latent curva- 
ture relative to the large adjacent star may in time become 
sensible About the personal independence however, of all 
the rest of the company there can be no question Although 
dominated by the same influence they advance each on its own 
account, nor can their relative situations be looked upon as 
beyond the reach of change Ultimately the bond of union 
between them will perhaps even cease to be traceable Shght 
mequahties betraying dijBerences in the period of revolution 
round the same remote centre may easily co exist with what 
IS known as common proper motion Such discrepancies can 
alone hold the stars affected by them aloof from binary com 

^ The Stars p 80 ^ H C Vogel PvJbhcaUonen Bd vii Th i p 154 

» Astr Nach No 3466 
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bmation While travelling along parallel lines they have 
still a relative velocity exceeding at their distance apart the 
power of their mutual gravitation to sway into an ellipse 
One must hence fall very slowly behind the other as Saturn 
falls behind Jupiter after conjunction E\idence of their 
affinity is then only temporarily accessible to us After 
many ages it will evade recognition There may he, 
probably are in distant parts of the sky stars revolving in 
boundlessly spacious orbits round the same focus of attraction 
with the stars of the Plough, but we have no means of 
identifying them 

Partial systems, governed presumably from without are 
of tolerably frequent occurrence The first to become known 
was discovered by Bessel in 1818 ^ It is composed of a fifth 
ind a seventh magnitude star known respectively as 36 A 
Ophiuchi and 30 Scorpii thirteen minutes of arc apart yet 
endowed with an accordant movement of 1" 25 yearly The 
former star has a close attendant , and an intermediate minute 
object also forms part of the company^ Another interestmg 
quadruple group was detected by Flammaiion in 187^ ^ Two 
couples in the Swan one revolving the other in appearance 
fived separated by an interval of 15' drift together slowly 
southward in a direction nearly perpendicular to the hue of 
march of the sun Their movement is hence proper to 
themselves perspective effects being unconcerned with it 
The stationary pair is the fifth magnitude yellow star 17 
Cygni, with its bluish satellite at 26'', the circulatmg pair 
consists of two eighth-magnitude stars at 3" numbered 2576 
in Struve s great Catalogue 

A curious instance of concerted movement is afforded by 
two ninth-magnitude stars in Libra discovered by Schonfeld 
in 1881 to progress across the sphere at the exceptionally 
(^uick rate of 3" 7 annually^ Notwithstanding the wide 
interval (5') separating them, their advance seems perfectly 
harmonious They flit side by side, as if rigidly connected 
icross a chasm probably some thousands of millions of miles 

^ Fundamenta Astronormc^ p 311 X 7 

2 FUmmaiioa GompCes Bendus t Ixxxv p 783 Cat des Etoiles Doubles 

p 105 Innes Reference Cat p 170 A 

3 Comptes Rmdus t Ixxxv p 510 

^ Sitzungsbenchte Niederrkezmsche Ges Bonn 1881 p 172 



330 


THE SYSTEM OF THE STAES 


in width. A still wider system noted by Mr Innes, is 
formed by two star pairs in Toucan ^ In neither case have 
measures for parallax yet been executed 

To the question — Has the sun any associate in his journey 
through space ^ only a provisional answer can be given 
Hone are known but investigations on the point are barely 
nascent The peculiarities which we should expect beforehand 
to attend such companion stars are comparative proximity 
and relative immobility They should have sensible parallaxes 
and be devoid both of ladial and tangential velocity Heither 
spectroscopic nor telescopic evidence of motion should be 
derivable from them No star up to this thoroughly examined 
combines these characters , but then they could not possibly 
be found in the proper motion stars chosen by preference 
as the subjects of parallactic observations Only in one of 
the stellar points employed for comparison with 61 Cygni has 
their presence been suspected Dr Schur measured in 1899 
what seemed like a parallactic shift of this nameless star to 
the extent of 0'^ 6 , ^ and Mr Crommelin having deduced foi 
it an evanescent proper motion threw out the suggestion that 
it might belong to the suns bodyguard® The possibility 
however depended upon the verification of the parallax which 
IS not known to have been effected When more has been 
done in photographically registering line-of sight movements 
stars may perhaps be discovered sensibly fixed as regards the 
sun, because borne along with him at the same translatory 
speed The construction of such a group, and the distinctive 
characterisation of its members might open up a fascinating 
branch of inqmry But its methods cannot well be established 
until its subject matter is rendered less evasive 

If the system formed by the stars be destined to perma- 
nence in its present shape some general law of movement 
must be obeyed by them Even if its state he one of pro 
gressive modification a definite mode of change ought to 
become apparent Local irregularities however so effectually 
disgmse the fundamental harmony that its prevalence may long 
continue a matter of speculative belief 

The assumption is indeed indispensable as Dr Schonfeld 

^ Seeanife p 97 2 Naoh Ko 3590 

3 Olsermtory vol xxii p 375 
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pointed out in 1883^ that the motions of the stars are some 
how related to the plane in which the vast majority of them 
aie disposed For otherwise them actual configuration would 
he a wildly improbable accident of the time in which we live 
The Milky Way to put it otherwise should be regarded as an 
evanescent phenomenon unsustamed by any persistently 
acting forces, the outcome of a hundred milhons of casual 
conjunctions If this be incredible (as it surely is) then we 
are constrained to admit a preference, m the long run among 
steEar displacements for the grand level of stellar aggregation 
The Milky Way must be in some true sense what Lambert 
called it one and a half centuries ago — the ‘ echptic of the 

Sir John Herschel imagined the law of harmony to consist 
in a general paraUehsm of stellar motions, involving a kind 
of systematic circulation as of a solid body round an axis per- 
pendicular to the galactic plane Innumerable exceptions to 
any such rule aie of couise to be found but they were 
assumed in the upshot, to be mutually destructive the mam 
‘ stream of tendency flowing on irrespectively of them But 
it IS difficult to conceive a physical basis foi a q^uasi rotational 
system wholly without warrant from experience More 
plausible is M Ludwig Struve s view that the main part of 
the revolutions of the stars round their common centre of 
gravity situated m the Milky Way, are performed in planes 
slightly inclined to that of the zone towards which they are 
concentrated^ His attempt indeed to elicit a rotation 
component ’ from the secular movements of Bradley s stars 
proved unavailing Yet this is not decisive against the truth 
of an hypothesis compatible with a balanced stellar circulation 
pursued in opposite senses An apparent driftmg movement 
detected by Sir David HiU in 1902,® of the brighter stars 
within a southern zone 12 wide relatively to then fainter 
associates, mvolves considerations of a different kind It has 
yet to be substantiated Every imaginable precaution was 
indeed taken against insidious errors , yet such a phenomenon 
if genmne should almost necessarily be universal , and Pro- 

1 r / <S Astr Ges Jahrg xvii p 25'5 
2 Mmmr6sS,e.Bt merslouig t xvxv No 3 pp 5 19 
® Astr N'oicih No 3800 
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fessor Turner ^ failed to derive from the Oxford zone plates 
convincing evidence of its extension to northern stars 

M Eancken dealt in 1882 with a strictly selected list of 
stars ^ He admitted only those within thirty degrees on 
either side of the Milky Way and possessed of annual proper 
motions not exceeding a quarter of a second The solution of 
his equations showed these movements to include a common 
element of very slow progressive increase of galactic longitude 
That is to say the 106 stars considered were being gradually 
swept along the Milky Way in the direction from Aquila up 
ward towards Cygnus and Cassiopeia and down past Capella 
through the Club of Orion towards the Ship The reality and 
extent of this flow of displacement will he a matter for future 
investigation Should the one he confirmed and the other ascer 
tamed somethmg like a clue to the lahyrmth of stellar movements 
will have been provided Perhaps the lestncted nature of the 
inquiry contributed to its success For the exclusion of large 
proper motions was the most effective mode of sifting out 
stars of the solar type to which they in the mam belong 
And since this class of bodies are not perceptibly condensed 
towards the Milky Way they are unlikely to obey any law of 
subordmation to it in their revolutions In this line of 
research accordingly as in most others connected with sidereal 
structure the discrimination of spectral types is prescribed 
under penalty of hopelessly confusing the issue 


^ Monthly ISFotues vols Ixiii p 66 Ixiy p 3 
Astr Nach iN’o 2482 
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THE MILKY WAY 

The Milky W9.y sliows to tli6 nakod Gyo as a vast zone 
shaped nebula , hub is resolved with very shghb optical 
assistance, into innumerable small stars Its stellar con 
stitution already conjectured hy Democritus was one of 
Galileos earliest telescopic discoveries The general course 
of th.e formation however can only be traced through the 
perception of its cloudy effect , and this is impaired by the 
apphcation even of an opeia- glass Rendered the more 
arduous by this very circumstance its detailed study demands 
exceptional eyesight improved by assiduous practice m catchmg 
fine gradations of light Our situation too close to the 
galactic plane is the most disadvantageous possible for pur- 
poses of survey Groups behind groups systems upon 

systems, streams sheets hues, knots of stars indefinitely fai 
apart in space may all he projected without distinction upon 
the same sky-ground Unawares our visual ray sounds end- 
less depths and brings back only snnultaneous mformation 
about the successive objects met with We are thus presented 
with a flat picture totally devoid of perspective-mdi^tions 
Only by a long series of inductions (if at all) can we hope to 
arrange the features of the landscape accordmg to their proper 

ffTthe uncritical imagmation the Milky Way represents a 
&ort of glorified track through the skies 

A broad and ample road wliose dust is gold 
And pavement stars, as stars to tTiee appear 
Seen m the galaxy, that milky vay 
■Which nightly as a circling zone thon seest 
Pov^dexed with stars 
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In Amencan-Indian fancy a mysterious path of souls, 
its popular German name, ‘ die Jakobsstrasse recalls the 
time when it stood as a celestial figure of the way of 
pilgrimage to Compostella Similarly in mediseval England 
It got the title of Walsiugham Way by association with 
Our Lady s Norfolk sanctuary , while the Dutch dedicated it 
to St Hilda and the Finns set it apart for the flitting 
processions of birds More anciently in the order of 
ideas initiated by the Aceadians it represented the mystic 
Snake river of the abyss ^ — the Homeric Ocean stream navi 
gated by Odysseus in his voyage to Hades Superficial 
impressions of homogeneity are however, replaced on closer 
mspection by an aspect resemblmg rather that of a rugged 
trunk marked by strange cavities and excrescences, and sending 
out branches in all directions 

The medial line of the Galaxy is scarcely distmguishable 
from a great circle ^ although Professor Newcombs later 
investigations indicate for it a southward displacement of 
nearly two degrees® This would imply our position to be 
somewhat north of the mam level towards Coma Berenices , 
but whether it is central or eccentric there is nothing to show 
decisively The movements of the earth bear no obvious rela- 
tion to the starry coUection around it Neither the equator nor 
the ecliptic manifests any trace of conformity to its plane The 
great circle of the Galaxy is inchned about sixty three degrees 
to the celestial equator which it intersects in the constella- 
tions Monoceros and Aquila It passes m Cassiopeia within 
twenty seven degrees of the north pole of the heavens, in 
Crux as near to the south pole while its own poles are 
located respectively in Coma Berenices^ and Cetus Over 
two thirds of the celestial circuit the general unity of this 
stupendous structure is preserved Broken however near 
a Centauri by the mterposition of a great fissure it is only 
regained, after an interval of some 120 through the re- 
umon m the neighbourhood of e Cygni of the separated 
portions Involuntarily the image presents itself of a great 

^ Ei H Allen JV %mes and, thevr Meamngs pp 374 79 

^ Gould Tfranomtt'i'ia Argentina p 370 
^ Nature vol Ixx p 308 
^ RA 1211 44“^ Dec +26 48 (I^'ewcomb) 
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river forced into a double channel by an encounter with a 
powerful obstacle; the removal of which lower down permits 
its waters to flow together again The intervening long strip 
of islanded rock and gravel might stand for the great rift 
between the branches of the sidereal stratum which although 
to the eye owing to the effect of contrast with the ' candid 
way on either side, darker than the general sky is in reality 
nowhere quite free from nebulous glimmerings It is en 
croached upon by fringes effi sions and filaments spanned by 
bridges of light and here and there it is half filled up by 
long narrow disconnected masses, or luminous jpools lying 
parallel to the general flow of the stream One such 
brilliant and tortuous stieak ^ extends in almost complete 
isolation over nearly 20 from the tail of Serpens across a 
corner of the Shield of Sobieski Moreover only the more 
easterly of the two principal branches — that traversing Aquila 
and the bow of Sagittarius — is continuous The other after 
covering part of Scorpio with a complicated system of inter 
laced streaks and masses ^ dies out in Ophiuchus about 
fifteen degrees south west of the termination just at the 
equator of the arm sent out to meet it through Cygnus The 
gap IS nevertheless partially veiled by a faint luminous 
extension from the south and shows as absolute only over 
some five degrees of the sphere 

This IS not the sole interruption to the course of the 
Milky Way Another visually, though not photographically 
apparent,^ cuts sheer across the undivided stream in Argo 
Here at south declination 33 the formation Sir John 
Herschel says opens out into a wide fan like expanse 
nearly 20 in breadth, formed of interlacing branches, all 
which terminate abruptly in a line drawn nearly through \ 
and ry Argfis ^ On the opposite, or eastern side of a 
moderately broad blank space a similai assemblage of branches 
converges upon the variable star rj Cannae There is an 
obvious correlation of structure on eithei side of the chasm , 
subdivisions mutually correspond, the broken series on one 
margin is resumed on the other The impression is strongly 

^ Ur an A') gent p 381 ^ Herschel Onthnes art 789 

2 H 0 Kussell Monthly Notices toI li p 496 
* Outlines ait 787 
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conYeyed that star strata once united hare here yielded 
to the influence of some unknown dispersive force or forces 
perhaps still in operation Yet we can scarcely hope ever 
to command the means of testing the conjecture For the 
proper motions of the faint telescopic stars near the edges of 
the §np are no donht of such excessive minuteness that 
centuries nay millenniums may pass before they can become 
perceptible 

The representation of the Milky Way as a uniform staiiy 
stream is purely conventional Its real texture is of a curdled 
or flaky description^ Between Perseus and Sagittarius Sii 
William Herschel counted eighteen luminous patches ^re 
sembhng the telescopic appearance of large easily resolved 
nebula and his son perceived the lucid ramifications in 
Sagittarius to be made up of great cirrous masses and 
streaks the appearance, as his telescope moved being '' that 
of clouds passmg in a soud, as the sailors call it Furthei 
on he remarks the Milky Way is like sand, not strewed 
evenly as with a sieve but as if flung down by handfuls (and 
both hands at once) leaving dark intervals, and all consisting 
of 14th 16th and 20th magmtudes^ down to nebulosity in a 
most astonishing manner ^ 

The bright spaces of the galactic zone are commonly sur- 
rounded and set off by dark winding channels and the rapid 
alternation of amazingly iich with poor, or almost vacant 
patches of sky, is a constantly recurring phenomenon 
associated by Mr Maunder® with slow processes of stellii 
agglomeration The most remarkable instance occurs in the 
Southern Cross the brilliant gems of which emblxzon x 
broad galactic mass very singularly interrupted by a pear- 
shaped black opening eight degrees long by five wide named 
by early navigators the Coal-sack ' This yawning excav x- 
tion figures m Australian folk lore as the embodiment of evil 
m the shape of an Emu who hes in wait at the foot of a tree 

^ Houzeau Uranom^tme GinercuU p 16 1878 Klein fFochenschnft filr 
Astr 1867 p 288 

FMl Tmns vol civ p 282 

2 Herscliel s 20tli magnitude corresponds appro'?:imately with the 14th 
on the photometric scale 

4 Cape OhservaHons p 388 Herschel Outhnes arts 790 797 

® Knowledge vol xviii p 36 
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lepresented by the stars of the Cross for an opossum driven 
by his persecutions to take refuge among its branches ^ The 
legend reads almost like a Christian parable The denudation 
oi the Coal sack is however shown by Mr H C Eussell s 
photographs to be complete only towards its northern end^ 
To the south a considerable invasion of small stars modifies 
the contrasting darkness 

Partial galactic vacuities, evidently of the same nature 
with the southern Coal sack occur elsewhere notably in 
Oygnus , but they are inconspicuous to casual observers A 
remarkable doubly perforated star cloud is exhibited in 
Plate XIX from a photograph taken by Professor Barnard 
in 1892 It makes pait of the vivid scenery of the Milky 
Way in Sagittarius 

An admirable delineation of the formation so far as it 
is visible in the northern hemisphere was completed at 
Parsonstown in 1889 by Dr Otto Boeddicker after five years of 
labour amid climatic conditions of the least propitious sort 
The general effect may be best described as that of a thick 
stem of light closely set with curvilinear ramifications , the 
stem itself being riddled with dusky convolutions intricate 
passages and hoise shoe or key hole apertures separated 
by lustrous wisps and nebulous pointed arches The 
ciicumstance that ^^feeleis are thrown out towards nebulae 
and clusters ^ is of profound interest Thus a feeble branch 
starting from a Cassiopeise terminates at the Andromeda 
nebula The Pleiades stand at the peaked summit of a 
dim vault springing on one side Jhom near /3 Tauri on the 
other from e Aurigm The Hyades are separately involved , 
Pra3sepe is all but reached by a long streamer issuing from the 
vicinity of ^ Cams Minoiis , while a thin sinuous effusion, 
perhaps of a spiral nature includes the great nebula in its 
sweep through Orion The subject was next prosecuted by 
M Easton of Eotterdam His galactic charts^ are of high 
authority, and following up the initiatory efforts of M 
Houzeau he has lately studied with instructive results, the 
intimate structure and sidereal relations of the great zone by 

^ MacPhersoDL Joum H jSoc iV S Wales 1881 p 72 
Monthly Not%ces vol li p 40 ^ Ihid vol 1 p 12 

* La Voie LacUe Pans 1893 
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means of isophotal eirrves ^ or contour lines of luminosity 
Visual records however, of barely perceptible details cannot 
be entirely satisfactory tbeir agreement being impaired bj 
individual diversities both, of purpose and of faculty , ind 
they have been largely though not -wholly superseded, by the 
promptly secured impressions of the impaitial and impersonal 
sensitiTG plate 

The Milhy Way Tanes greatly in lateral extent A 
brilliant stream no more than three or four degrees wide 
where it enters the Cross it expands to fully twenty two 
degrees in the bifurcated section stretching from Opbiuclms 
to Aq['aila At some spots too the nebulous effect to the eye 
fades away imperceptibly along the margins , ® at others, the 
line of demarcation is so shaip that a telescope may have one 
half of its field crowded with galactic stars while the other 
half is well nigh blank ^ A definite semicircular houndaiy, 
for instance limits the formation near ^ Aquila. , its southern 
edge in Ophiuchus was remarked by Sir John Herschel as 
termmated by an irregular nebulous fringe as if laceiated , ® 
and marginal projections knobs and bristling outlieis are easily 
perceptible elsewhere The prevalent rule seems to be that 
the smaller the stars considered the more abiupt is the 
commencement of the Milky Way , while a more and more 
gradual condensation accompanies each step upward in 
brightness ® 

Sir Wilham Herschel was perfectly satisfied that, with 
his 20-foot reflector (equivalent to a modem letractor about 
14 inches m aperture) the Milky Way was in general, 
fathomable The stars composing it that is to say, were 
of definite numbers and appeared projected upon a perleetly 
black sky But this was not so everywhere, certun puts 
completely baffled the penetrative faculty of his instrument 
One such was met with in Cepheus where he found the small 
stars to become gradually less till they escape the eye, so 
that appearances here favour the idea of a succeeding, mon 

^ La I)%stT'Lbut%on de la Lumber e Qcdcoct%q^uei Amsterda-m 1903 
Ibid p 7 

^ W Herscliel Ph'il Trans vol civ p 283 

^ Proctor Universe of Stars p 86 

' Slew Woeh£v,sc.hrift 1867 p 285 J Herschel Cape Results p 389 
Celona Memorie del M Istituto Lombardo t \iv p 837 
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distant clustering part And he remarked in exploring 
between Sagitta and Aqnila that the end of the stratum 
cannot be seen ^ Again in the galactic branch traversing 
Ophmchus Sir J ohn Herschel encountered large milky 
nebulous irregular patches and banks with few stars of visible 
magnitudes , he described a very large space of the 
Milky Way in Sagittarius as completely nebulous like the 
diffused nebulosity of the Magellanic Cloud , ^ and observed 
a similar spot in Scorpio where through the hollows and 
deep recesses of its complicated structure we behold what has 
all the appearance of a wide and indefinitely prolonged area 
strewed over with discontinuous masses and clouds of stars 
which the telescope at length refuses to analyse ^ 

Even with the best telescopes of recent construction this 
perplexing and indeterminate aspect cannot be altogether got 
rid of Professor Plolden could obtam with the 3 6 - inch 
Lick achromatic directed to the Milky Way no final resolu 
tion of its finer parts into stars There is always the bad 
ground of unresolved nebulosity on which hundreds and 
thousands of stars aie studded — each a bright sharp separate 
point ^ The lingering nebulosity was strongly indicated to 
be of stellar nature but whether it was due to the presence of 
innumeiable small stars mixed up in the same region with 
larger ones or to the indefinite extension into outer space of 
galactic agglomerations could not be pronounced off hand 
The explanations attempted of these complicated pheno 
mena may be divided into disc theories ring theories and 
spiral theories The disc theory of the Milky Way was 
first propounded by Thomas Wright of Durham in 1760 
He supposed all the stars to be distributed in a comparatively 
shallow layer producing an annular effect by its enormous 
lateral spread Irregularities he thought were partly due to 
our eccentric position within the stratum, partly to the 
diversity of motion that may naturally be conceived amongst 
the stars themselves which may here and there in different 
parts of the heavens occasion a cloudy knot of stars ® 

^ JBhxl jC7Cons Yol evil p 326 

Oaj^e Olsermtions p 389 ® Outhnes of Astr art 798 

^ Mess AUj^ust 1888 p 298 
® An O't'iginal Theory of the Unweisc p 63 
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To this view Sii William Herschel gave wide currency 
and apparent stability by the application to its support of 
his ingenious method of star gauges By counting the 
stars simultaneously visible with his great leflector in various 
portions of the sky he showed that then paucity or abundance 
depended upon the situation of the gauge fields relative to 
the Milky Way In its neighbouihood stars were copiousl} 
away fiom it, they were sparsely distributed And this by a 
regular progression of density from the galactic poles to the 
galactic equator the latter region being on an average thirty 
times richer than the former How if we were to admit as 
Herschel did a nearly equable scattering of stars in space there 
would be no alternative but to suppose the sidereal system ex 
tended in any direction proportionately to the number of stars 
seen in that direction Their ci owding should on that hypothesis 
be purely optical — the effect of the indefinite spreading out 
in the hue of sight of their evenly seined ranks Sounding 
the star depths upon this principle Herschel measured the 
length of his hne by their seeming populousness and con- 
structed from the numerical data thus obtained the cloven 
disc” model long accepted as representing the true form of 
the stellar universe 

But his own observations at the very moment of enouncing 
this theory fatally undermined it Already in 1785 he 
remarked that two or three hundred beginning or gathering 
clusters might be pointed out in the galactic system and he 
surmised its eventual separation after numbers of ages into 
so many distmct nebulae ^ Equable scattering then, was 
an ideal state of things long smee abolished by the lavages 
of time The conviction that such was the case grew with 
his experience The immense starry aggregation of the 
Milky Way he wrote in 1802^ is by no means unifoim 
The stars of which it is composed are very unequally scattered 
and show evident marks of clustering together into many 
separate allotments Hor did he fail to perceive from the 
gradual increase of brightness towards the centres of these 
allotments that they tended to assume a spherical form 
and thus suggested the breaking up of the Milky Way, in 
all its minute parts as the unavoidable consequence of the 

^ Phil Trans vol ixxv p 255 Ibid vol xcii p 495 
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cltLsienng power aiismg out of those preponderating attractions 
which have been shown to be everywhere existing in its com 
pass ^ The formal announcement of his conviction that 
the Milky Way itself consists of stais very differently scattered 
from those which are immediately about ns amounted to a 
recantation of the principle of star ganging 

With it disappeared from Herschel s mmd the conception 
of an optically prodnced galaxy In his ultimate opinion the 
actual corresponded very closely with the apparent structure 
it was composed that is to say mainly if not wholly of real 
clouds of stais Credit was thus restored to the early un 
pression of Galileo who in 1610 described the Milky Way 
as nothing else but a mass of innumerable stars planted 
together in clusters ^ 

Wilhelm Struves^ effort towards the reorganisation of 
the stratum theory though aided by all the resources of hi 
great abihty and address could scarcely be counted as a step 
in advance Substituting for the hypothesis of eqLuable dis 
tribution that of concentration in parallel planes, he imagined 
the average interval of space between the stars to diminish 
regularly with approach to the central horizon of the system 
The swarming aspect of the Milky "Way was hence interpreted 
as agreeing with fact but the annular appearance as being 
illusory Of illimitable dimensions the system was conceived 
to stretch away still preserving its specific character to an 
infinite or at least unimaginable remoteness comparatively 
narrow msual bounds being set to it by a supposed extinction 
of light 

But the quasi geometrical regularity of Struve s galaxy is 
belied by innumerable details of the original The swell of 
the tide of stars towards the galactic plane is neither uniformly 
progressive^ nor does it proceed without conspicuous inter 
ruptions Thus the region near the horns of Taurus although 
close to the Milky Way is absolutely the poorest in the 
northern hemisphei e , ® and it is matched in the southern ^ by 

1 mil Trans vol civ p 282 ® Ihid vol xcii p 480 

^ Szdereus Munc^us trans by E S Carlos p 42 
J^tudes d Astronom'ie Stellaii e 1847 
0 S Peirce ff award Annals vol iv p 174 
6 Argelander Bonner Boob Bd v E^n^e^tung Pro6tor Umverse of Stars 
^2 ’’ Thome Cordoba Burchmustenmg Introduction 
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aa almost clean swept space in Scoipio on meeting which Sir 
William Herschel exclaimed in amazement Hier ist wahr 
haftig em Loch im Himmel ' But it is the openings in the 
formation itself which most decisively negative the stratum 
theory in any of its modifications Is it credible that a 
boundlessly extended layer of stars should be pierced in many 
of its densest portions by tunnels converging directly upon 
our situation within it^^ jSTo sane mind we venture to say 
realising all that such an affiimation implies can assent to it 
But indeed the entire conformation of the Milky Way — its 
streaming offsets convoluted windings promontories and 
sharply bounded inlets no less than its breaches of continuity 
— IS absolutely iireconcilable with the hypothesis of optical 
creation out of star materials eq[uably distributed 

We seem then led to the alternative belief that it is a 
definite structure at a definite distance from ourselves — a 
behef forced upon Sir John Herschel by his Cape expeiiences 
notwithstanding his natural reluctance to drift far away from 
the position originally taken up by his father The shape 
suggested by him for the galaxy was that of a flat ring oi 
some other re entering form of immense and irregular breadth 
and thickness ^ Expanded indefinitely along the central 
plane the new model scarcely differed from the old except in 
so far as the idea of homogeneous construction was given up 
The disc remained but with its centre scooped out The solar 
system was located in an enormous space of relative vacuity 
The Milky Way thus regarded appeared to consist of an 
indefinite number of stellar collections brought by projection 
into nearly the same visual line — to represent the fore 
shortened effect (more especially at a particular spot in 
Sagittarius) of a vast and illimitable area scattered over with 
discontinuous masses and aggiegates of stars in the manner of 
the cumuli of a mackerel sky ^ But in an assemblage of 
this nature seen edgewise a ' Coal sack would be a pheno 
menon as anomalous as in a uniform stratum , noi could it 
without violent improbability be conceived of as rent by the 
colossal fractures dividing the actual Milky Way in Argo and 
Ophiuchus 

1 Proctor loc c%t p 15 a Outhnes art 788 

® Cape Observahons p 889 
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To remedy these mconveniences Professor Stephen Alex 
ander devised m 1852 ^ upon the model of the wheel shaped 
nebula in Virgo (M 99) a spiral galaxy with four curvilineai 
branches diverging from a central cluster formed by the sun 
and lucid stars By properly adjusting the mode of projection 
of these radiating star streams the effects of rifts and coal 
sacks were duly produced , but the arrangement however 
admired for ingenuity gave no persuasion of reality and 
quickly dropped out of remembrance Essentially different 
although with some features in common was that by which 
Mr Proctor replaced it in 1869^ Eather than a spiral 
indeed the new design resembled a bent and broken ring 
with long riband like ends looped back on either side of an 
opening accommodated to the shape of the gap in the visible 
structure m Axgo One of these loops by the apparent 
intercrossing of its near with its remoter branch was sup 
posed to generate the Coal sack in Crux, while the other 
end traihng lengthily backward afforded a deceptive effect 
of bifurcation Excessive distance was invoked as in Professor 
Alexander s scheme to explain the cessation of nebulous light 
in Ophiuchus 

Of the manifold objections to which this hypothesis is 
liable^ onlj two need here be mentioned In the first place 
it involves a wholly inadmissible rationale of the openings seen 
in the Milky Way If these were due to the interlacing by 
perspective of branches really far apart in space the enclosing 
luminous formation should be markedly fainter on one side 
than on the other But this is not so The borders of the 
southern Coal sack are approximately of the same brightness 
all round A single vivid mass has obviously been the scene 
of what in the absence of better knowledge may be described 
as an excavatoiy process 

Again on the spiral theory the great rift in the Milky 
Way should represent the interval between branches mutually 
disconnected except through the optical effect of projection 
But their mutual dependence is manifest They strike apart 

^ Astr Journ vol n p 101 

2 Monthly NoUces vol xvx p 50 

3 See Ml J R Suttoa & remarks Illustrated Scunce Monthly vol ii pp 
63 199 Knowledge vol xiv p 41 Easton %b%d vol xxi p 12 



344 


THE SYSTEM OF THE STAES 


giadually and as the result of ehanging conditions Pre- 
monitory caYities seem to announce their impending separa- 
tion 5 and even after it has become definitive, abortive efforts 
towards reunion are indicated by the correspondence of oppo- 
site projections and by the occasional bridging of the fissnie 
The bifurcation is beyond question a physical reality 

The prevalence of spiral forms among the nebulae, em- 
phasised by Keeler s photographic explorations adds weight to 
the arguments for assigning a more or less similar structure to 
the great flrmamental zone M Easton has illustrated the 



Fig 37 — Tie Q-alactie Spiral (Easton) 

subject by a plan sketch copied in Fig 37 It does not profess 
to give ‘even an appioxiniate representation of the Milky 
Way seen from a point in space situated on its axis ^ but 
merely to indicate a possible mode of distribution of stellar 
accumulations by ■which the observed phenomenon might be 
produced A remarkable bright patch of the Milky Way in 
in it as the nucleus of the convolutions The 
sun s position though central is detached from them 

Some such design strongly tempts thought It is recom 
mended by analogy , it is recommended also by its adaptability 
A multitude of facts at first sight incongruous are combined 

^ Astroph Jour'll vol p 157 
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by it into plausible unity The ring theory may be said 
to have broken down when Celoria^ found it necessary to 
establish a double annular system His researches, together 
with those of Plassmann Seeliger and Easton leave no 
doubt that the various sections of the starry girdle differ 
prodigiously in distance Moreover it seems impossible so 
to place the sun in such an enclosing structure as to 
get a reasonable explanation of these differences without 
having recourse to further complexities of artificial arrange- 
ment True no design corresponding in any degree with 
what appears can be other than intricate Were it permissible 
to adopt the opinion that the Milky Way very much what 
it seems we should describe it as a ring with streaming 
appendages extending from the mam body in all possible 
directions some nearly straight towards, or away from us 
others at every imaginable angle with our hne of sight The 
results in perspective foreshortening would evidently, under 
these circumstances be highly complex, the eye being pre- 
sented with groups and streams of stars immensely various in 
remoteness but all projected indiscriminately upon the same 
zone of the heavens Thus, while some branches pursued 
along their outward course fade at last into dim nebulosity 
other Milky Way groups may be distinguished as bright 
separate stars because much nearer to us than the generality 
of their associates Closed rings, however are beginning to 
appear alien to the cosmic plan of structure [N^ebulse pre- 
senting that aspect are, perhaps without exception resolvable 
into hehcal or spiral figures And it would be hazardous to 
assert that the Milky Way lies outside the mysterious law 
imposed upon minor aggregations 

Its internal organisation is of baffling intricacy It collects 
within its ample round, there is every reason to suppose, an 
absolutely endless variety of separate systems A multi- 
tudinous aggregate of individual clusters it is composed more- 
over as a whole very much like one single cluster on a colossal 
scale Its fringed edges its rifts and vacuities, are as we 
have seen reproduced in miniature in numberless star groups 
Kings, and sprays’ and 'streams of stars are unmistak 
ably common to the two orders of formation , and the stellar 
^ Me 7 nor%e del R Jstituto Lotnhardo t xiy p 82 
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coastituents of both, axe freq^uentlj involved with gaseous 
nebulae m a way showing most intimate association by origin 
and development The laws then governing stellar aggregation 
in the one ease govern it also in the other , and so from this 
direction independently we agim reach Heischel s conclusion 
that the Milky Way ' consists of stars very differently scattered 
from those which axe immediately about us 

Hut axe these stars s'lins co ordinate with onx own ^ or 
must we regard them as comparatively insignificant bodies 
sharing a sun like nature indeed but on a far lower level of 
power and splendour^ The q[uestion is eq[xiivalent to this 
other perpetually recurring one What is their average dis- 
tance from ourselves ^ In what poition of space do the true 
galactic condensations occur ^ How far outward should we 
have to travel before finding ourselves actually m the midst 
of the crowded objects producing to terrestrial observers the 
milky effect of a nebulous stratum ? 

Certain knowledge in this matter is not to be had , indica- 
tions and probable estimates have to take its place Professor 
Newcomb as the upshot of a discussion embracing all the 
available facts ai rives at the conclusion that the Milky Way 
in most of its sections is no nearer to us than would be 
signified by a parallax of one thousandth of a second ^ corre- 
sponding to a light-journey of 3200 years Now our sun if 
thus unimaginably removed into space would sliiink to a star 
of the fifteenth magnitude, it would seem just one of the 
grains of shining sand coagulated into heaps out near the 
confines of the sidereal world Presumably then a large pro 
portion of the lustrous specks forming in their unnumbered 
aggregate the nebulous arch amid the constellations are really 
suns on the scale of our own They are, however pretty 
evidently intermingled with many smaller globes and with 
some vastly larger M Easton has succeeded by detailed 
comparisons in establishing a correlation between galactic 
structures and the stars, from about the sixth to the fifteenth 
magnitudes enumerated by Argelander and others The in 
ference is thus rendered compulsoiy that a percentage of these 
comparatively bright orbs are genmne constituents of the clusters 

^ The StoLTs p 317 

2 T%str%b%t% 0 % de U L%mihr& GalmtiqvLe p 24 IS'ewcoiab The Stars p 273 
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with which they are coUmeated There aie besides strong 
giounds for the belief that many, if not most of the bluish 
brilliants giving helium spectra dominate these comprehensive 
groups Mr Eanyard pointed out in 1891 ^ from the evidence 
of Mr H 0 Eussells photographs that the chief luminary 
of the Southern Cross is centrally situated in a curiously 
symmetrical little cluster of excessively faint stais , and the 
irresistible conclusion of its being physically related to them 
may be safely applied to a number of other lustrous objects of 
the same spectral class The range of actual size and splendour 
then among the components of galactic star drifts is astonish 
ingly great — ^mnch greater in Professor Newcomb s opinion 
than in ordinary detached clusters such as the Pleiades, or 
the double Sword handle group The helium stars of the zone 
are indeed veritable tiitons amidst shoals of minnows , 
they aie frequently of a magnitude transcending the powers 
of imagination to realise while their dwarfed associates may 
well be of average sun like stature 

The Milky Way clouds are not condensed from the general 
contents of the sidereal heavens , they are markedly distinct 
Their spectral peculiarities make this clear They aie built 
up essentially and fundamentally out of Sirian stars , ^ those 
of the solar and Antarian types seem to he totally absent 
fiom them They include however nearly all the helium and 
bright line stars that exist , but they are relatively few , they 
scarcely count as ingredients , they are rar% nconUs %'n gmg%U 
msto Many galactic tracts too are suffused with a phos 
phorescent glow, they harbour nebulous formations which 
only the photographic camera, through its faculty of persistent 
gazing has been able to aetualise and define This surprising 
characteristic affords an additional proof that cosmic conditions 
of a special kind prevail in the enigmatical girdle which 
enclasps the mystery of the universe 

Prom a most careful study of the Milky Way at Coidoba 
where it was seen to peculiar advantage Di Gould inclined 
to regard it as the product of two or more superposed galaxies^ 
The fact of the two narrowest and brightest and the two 

^ Knowledge yoI p 112 
Pickeiing Ha/rvard Awnools vol Ivi p 25 

® Vroi/n ArgenHTba p 381 
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most diffused parts lying in pairs opposite to each other 
IS certainly remarkable, and lends some countenance to 
the surmise that the necks in Cassiopeia and Crux reaUy 
lepresent the mtersections o£ the two crossed rings visibly 
diverging in Ophiuchus M Celona too, as we have seen 
adopted the hypothesis of a compound Milky Way hut of 
such a form as to allow the possihihty of one of its constituent 
annuli being comprehended by the other The transition to 
a tiue spiral shape was thence easily effected and a wider 
range of facts was rendered capable of theoretical accommoda 
tion What is unmistakable is that the entire formation 
single or compound while individual and specific is yet no 
isolated phenomenon The contents of the firmament are 
arranged mainly with reference to it It is a large pait of a 
larger design exceeding the compass of finite minds to grasp 
in its entirety 



OHAPTEK XXVI 

STATUS OF THE NEBULJ: 

The question -whether nebulae are external galaxies hardly 
any longer needs discussion It has been answered by the 
progress of research Xo competent thmker with the whole 
of the available evidence before him can now it is safe to say 
mamtain any single nebula to be a star system of co ordinate 
rank with the Milky Way A practical certainty has been 
attamed that the entire contents stellai and nebular of the 
sphere belong to one mighty aggregation and stand in ordered 
mutual relations within the limits of one ill embracing scheme 
All embracing that is to say so far as our capacities of know 
ledge extend With the infinite possibilities beyond, science 
has no concern 

The chief reasons justifying the assertion that the status 
of the nebulae is intra-galactic are of three kinds They 
depend first upon the nature of the bodies themselves, 
secondly upon their mdr-vidual stellar associations, thirdly 
upon their systematic arrangement as compared with the 
systematic arrangement of the stars 

The detection of gaseous nebulae not only directly demon 
stated the non stellar nature of a laige number of these 
objects but afforded a rational presumption that the otheis 
however composed were on a commensurate scale of size and 
situated at commensurable distances It may indeed turn out 
that gaseous and non-gaseous nebulae form an unbroken series 
rather than two distinct classes separated by an impassable 
barrier Their spectra have perhaps more in common than would 
at first sight be supposed Eor the vivid rays of green nebulae 
are superposed upon a gauzy background of continuous hght 

849 
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which appears to be resolvable into a multitude of bright lines 
in juxtaposition , ^ and the spectra of white nebulse show, not 
a smooth prismatic gradation but slight ineq[ualities in the 
flow of light indicating effects of absorption of emission or 
of both combined Before indeed anjr settled opinion can be 
formed as to whether these analogies have really the transi 
tional meaning we might be inclined to attribute to them, 
nebular spectroscopy must be a good deal further advanced 
than it IS at present But xpart from this question relation 
ship between the various orders of nebulae is manifest The 
tendency of all to assume spiral forms demonstrates m itself, 
their close affinity , so that to admit some to membership of 
the sidereal system while excluding otheis would be a palpable 
absurdity And since those of a gaseous constitution must be 
so admitted the rest follow inevitably 

Of the physical connection of nebulae with particular stars 
fresh and incontrovertible proofs accumulate day by day 
Nothing can he more certain than that objects of each hind 
coexist in the same parts of space and are bound together by 
most intimate mutual ties To argue the matter seems as the 
French say like battering in an open door We need only 
recall the stars of the Pleiades photographically shown to be 
intermixed with nebulae and those in Orion still bearing in 
their spectra traces of their recent origin from the cuidling 
masses aiound The nuclear positions so frequently occupied 
in nebulae by stars single and multiple reiterate the same 
assertion of kinship emphasised still further by the phenomena 
of stellar outbursts %'n nebulae The scenes of these as 
the late Mr Proctor insisted lie within the circuit of the 
Milky Way unless we axe prepared to assume the occurrence, 
in extra sidereal space of conflagrations on a scale outraging 
all probability It has been calculated that if the Andromeda 
nebula were a universe apart of the same real extent as the 
G-alaxy it should be situated, in order to reduce it to its 
present apparent dimensions, at a minimum distance of 
twenty five galactic diameters ^ And a galactic diameter being 
estimated by the same authority at thirteen thousand light 
years it follows that on the supposition in question light 

^ Palmer I/bch Bulletin N*© 35 
^ Weisse Schriften Wiener Vei eins Bd v p 318 
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would lequire 325 ^)00 years to reach us from the nehula 
The seventh magnitude star then which suddenly shone out 
m the midst of it in August 1885 should have been an 
absolutely portentous orb In real light it should have been 
equivalent to 762 000 stars like Sinus or to sixteen million 
such suns as our own* But even this extravagant result 
inadequately represents the real improbability of the hypo 
thesis it depends upon, since the Andromeda nebula if an 
external galaxy, would almost certainly be at a far greatei 
remoteness from a sister galaxy than would be represented by 
twenty-five of its own diameters 

Just as the Milky Way might be described as a great com 
pound cluster made up of innumerable subordinate clusters so 
the greater Magellanic Cloud seems to be a gigantic nebula 
combining into some kind of systemic unity multitudes of 
separate nebulae To the naked eye it shows vaguely a 
brighter axis spreading at the extremities so as to produce a 
resemblance to the Dumb bell nebula , photographic ex 
posures bring out unequivocal braces of a spiial conformation, 
either way it shows signs of definite organisation as a coherent 
whole , and it includes strangely enough among its inmates a 
miniature of itself (NGO 1978) but of much greater 
intensity and distinctness Sir John Herschel s enumeration 
in 1847, of the contents of the Cloud ' gave conclusive 
evidence of the interstellar situation of nebulrn — evidence the 
full import of which Dr Whewell was the first to perceive 
Over an area of foity-two square degrees, 278 nebular objects 
(stars being copiously interspersed) are distributed with the 
elsewhere unparalleled density of 6-^ to the square degree 
The Nubecula Major Herschel wrote like the Minor con 
sists partly of large tracts and ill defined patches of irresolvable 
nebuh and of nebulosity in every stage of lesolution up to 
perfectly resolved stars like the Milky Way as also of regular 
and irregular nebule properly so called of globular clusters in 
every stage of resolvability and of clustering groups sufficiently 
insulated and condensed to come under the designation of 
clusters of stars ^ 

Here then we find — in a system certainly as Herschel said 
s%^ gemris yet none the less, on that account instructive 
^ Oaj)t Results p 116 
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as to cosmical relationships — undoubted stars and undoubted 
nebul© at the same general distance from the earth Some 
of the nehulse ma 7 indeed veiy well be placed actuallj nearer 
to us than some of the stars , and the extreme possible diffei 
ence of their remoteness cannot if the Cloud be approximately 
glohulai exceed one-tenth of the interval between its hither 
edge and ourselves We leain too the plain lesson that 
distance is only one factor in the production of irresolvability 
For stais m every stage of crowdmg from loose groups to the 
veriest dust streaks globulai clusters coarse and fine nebulie 
of all kinds and species range side by side m this extra 
ordmaiy collection proving beyond question that differences 
of aggregation subsist in themselves and need no additional 
abysses of space to account for them 

Even however if all these mutually confirmatory argu 
ments could be dismissed as invalid the mode of scattering of 
nebulse on the sky-surface would alone suffice to demonstrate 
their association with the sidereal system Sir William 
Herschel was early struck with the occurrence of beds of these 
objects preceded and followed by spaces void of stars So 
famibar to him was this sequence of phenomena that he would 
sometimes warn his assistant ‘ to prepaie, since he expected in 
a few mmutes to come at a stratum of the nebul® find 
ing himself already on nebulous ground ^ The relation 
after a century of partial obhvion was photographically 
rediscovered by Hr Max Wolf It is curiously exemplified 
in the star-denuded mdus of the America nebula ^ (see 
Plate XYIir ) which seems to have absorbed or repelled from 
its immediate neighbourhood the dense galactic clouds impend 
ing towards it Similarly a comparatively vacant region 
encompasses the Orion nebula within which nevertheless 
stars swarm and flicker after the manner of the components of 
globular clusters The replacement of stars by nebulous matifer 
IS again conspicuous m Plate XX which reproduces by Dr 
Wolfs kind permission, a photograph taken by him July 10 
1904 with an exposure of four hours The depicted nebula, 
which had been discovered ten years previously is about 10' m 

^ Phzl Trans yoI Ixxiy p 44:9 

Pulhcationen des Ohsermtorivmxs Xomgstnhl JTeidelberg Bd i p 181 
(Eoplf) 



PLATE XX 





The Cocoon Xebula m C}gnus Fhotognplied by Di Mav ^olf Jxiiy 10 1904 



STATUS or THE HEBULJE 


353 


diameter of a round shape and a complex structure It is 
placed centrally Dr Wolf writes ' in a very fine lacuna void 
of faint stars which surrounds the luminous cloud like a 
trench ^ Moreover this negative halo forms the end of a 
long channel running eastward from the western nebulous 
clouds and their lacunae to a length of more than two 
degrees The coexistence in the same sidereal district of 
nebulae and stars could not well be asserted with strongei 
emphasis than by the clearing of a dark fosse for the accom 
modation of the cocoon-like object in Plate XX 

The larger plan of nebular distribution as being the 
inverse to that of stars partially revealed itself to the elder 
Herschel , but Sir J ohn fiist brought into clear view the 
distinct and striking division of the nebulae into two chief 
strata separated by the Galaxy Taking the circle of the 
Milky Way as a hozizon he remarked that the accumulation 
of them in Virgo and Coma Berenices forms, as it were, a 
canopy occupying the zenith and descending thence to a con 
siderable distance on all sides but chiefly on that towards 
which the (celestial) north pole lies 

This ciowdmg about the galactic pole is less marked in 
the southern hemisphere though here too there is a ' chief 
nebular region approximately coiresponding to that in Virgo 
The distiibution is however on the whole much more uniform 
than in the northern hemisphere or rather more uniformly 
^patchy, rich districts alternating with more or less ample 
vacuities One of these extends about fifteen degrees all 
round the south pole the Lesser Cloud marking its edge 
The remarkable fact too, was noticed by Sir John Herschel 
that the larger nubecula seems to terminate something 
approaching to a zone of connected patches of nebulae reach 
ing across Dorado Eridanus and Cetus to the equator where 
it unites with the nebular region of Pisces A similar line 
of communication is less conspicuously kept open with the 
minor nubecula and this feature of streams of nebula, 
with terminal aggregations was considered by Proctor to be 
distinctive of southern skies ^ He adverted besides to the 
coincidence of two of them with stellar streams in Eridanus 

^ Ifonthly Notices vol Ixiv p 839 ^ Oaye Results p 137 

® Monthly Notices yol xxix p 340 
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and Aq^nanus and was struck with a significant deficiency of 
bright stars oyer the intervals between nebuhi groups 

Ampler acquaintance with this class of objects h is on the 
whole served to ratify earliei conclusions lelative to thtir 
mode of scattering Their overwhelming tendency to congic- 
gate about the north galactic pole is accentuated by the lesnlts 
of Dr Max Wolf s photographic survey, ^ while the presence of 
a secondary focus of aggregation in Perseus and Andromcdi, 
remarked by Waters^ was rendered unmistakable by the sub- 
sequent investigations of Stratonoff^ M Easton, discussing 
the subject with his accustomed thoroughness in 1904, 
was especially struck with the disturbing influence of the 
Magellanic Clouds Hence possibly so fundamental a diversity 
m the modes of nebular distribution on either side of the 
Milky Way that he considers it as ' very prob ible that the 
structure of the southern galactic sky with icgaid to the 
nebulae differs entirely from that of the northern galactic sky ^ 
The leading facts of nebular distribution were correctly 
described by Herbert Spencer in 1854 In that zone, 
he wrote of celestial space where stars are excossivt ly 
abundant nebulse are rare , while in the two opposite celestial 
spaces that are furthest removed from this zone nebula, aio 


abundant Scarcely any nebulae lie near the galactic ciicle, 
and the great mass of them he round the galactic poles Can 
this be mere coincidence? When to the fact that the gencial 
mass of nebulae are antithetical in position to the general mass 
of stars we add the fact that local regions of nebnl c aio regions 
where stars are scarce and the further fact that single nebiilm 
are habitually found in comparatively starless spots does not 
the proof of a physical connection become overwhelming ^ ^ 
Accompanymg hut considerably overlapping the Milky 
Way along its entire round is a ' zone of nebular dispcisioii^ 
(as Proctor called it) a wide track of denudation so lii 
as these objects aie concerned The nebular multitude shrinks 
as It were from association with the congregated galactic stars 
A relation of avoidance is strongly accentuated But witli- 


i Observatory for 1902 Astr Mach No 3812 
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drawal implies recognition It implies the subordination of 
stars and nebulae alike to a single idea embodied in a single 
scheme The range of our possible acquaintance is accord 
ingly restricted to one island universe — that within whose 
boundaries oui temporal lot is cast and from whose shores we 
gaze wistfully into infinitude 

Dismissing then the giandiose but misleading notion that 
nebulae are systems of equal rank with the galaxy we may 
turn our attention to the problems presented by the pecu 
liarities of their interior situation When these are subjected 
to a detailed examination distinctions become evident between 
the different classes of nebulae Distinctions so marked as to 
lead almost to their separation 

The relation of avoidance to the Milky Way just adverted 
to prevails only among the unresolved ' nebulcC These, it 
IS true are the great majority of the entire so that the con 
elusion of nebular crowding away from that zone remains 
unimpeachable For certain classes of minor numerical but 
high cosmical importance the relation is precisely inverted 
Over gaseous nebulse and clusters the Milky Way seems to 
exercise an attractive influence equally strong with its repul 
sive effect upon nebulae of other kinds 

Foity out of one hundred and eleven globular clusteis 
belong to the galactic zone^ which is hence twice as richly 
furnished as the rest of the sky with these wonderful objects 
And the excess rises to twenty five times for irregular 
or nondescript clusters 434 out of 535 of which— that 
IS 81 per cent — are located m or close to the Milky 
Way Many clusters, indeed obviously form an integral part 
of the formation itself, of others, it is difficult to decide 
whether they should be ranked as distinct or simply as 
intensifications of ordinary galactic star groupings To the 
latter category almost certainly belongs a collection (M 24) 
visible to the naked eye as a dim cloudlet near jjl Sagittarii, 
and named by Father Secchi Delle Caustiche' from the 

^ Taken as of the uniform ■width of thiity degrees and covenn^ ™ of the 
sphere Major Marl wick Uv Astr JSoo vol vii p 182) finds^-the pio 

portionate aieaof the Milky Way in the noi thorn hemisphere to be i in the 
southern ^ Pickerm^ {Harvard Amals vol xIyiu p 165) estimates the 
galactic area at 15 612 square degiees oi ~ of the sphere 
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peculiar arrangement of its stars in rays arches caustic 
curves and intertwined spirals Tins again is included m a 
great oval condensation of galactic stars obviously endowed 
vrith some degree of structural independence 

Gaseous nehul^n hke gaseous stars ai e nearly exclusive in 
their galactic affinities^ Very few planetaries can be found 
at any considerable distance from the favoured :zone , the 
spectroscopic search for stellar nebulae is fruitless unless within 
its borders , and they embrace — ^with one exception — cdl the 
irregular nebulae This single exception is a most significant 
one It IS that of the great looped nebula (see Plate XV ) 
an important constituent of the greater Magellanic Cloud 
Plainly then the conditions allowing primitive cosmical 
matter to lemain uncondensed in galactic regions prevail also 
in the nubecula The inchviduahty of its organisation has 
been strongly accentuated by the discovery, lately made at 
Harvard College that very many of the stars contained in it 
fluctuate rapidly m light ^ Miss Leavitt s examination of the 
Arequipa plates yielded at once a harvest of 152 variables , 
and more doubtless await recognition 

Gaseous and white nebulae meet on equal teims only in 
this compiehensive assemblage The Milky Way is more 
exclusive It favours the foimer class largely at the expense 
of the latter Within its piecincts only one in sixteen of those 
dim often fantastically shaped objects is met with the analysed 
hght of which gives no indication of gaseity while their even 
texture under the highest telescopic powers suggests no 
approach to the stage of breaking up into stars What then 
is their nature ? Is the difference separating them m appear- 
ance from the resolvable aggregations of stai-dust crowding 
the Milky Way a difference of distance solely^ Are they 
too clusters beyond the reach through remoteness of effectue 
scrutiny ^ There is nothmg in their aspect to preclude this 
supposition So far as observation can tell they may be of 
stellar composition Only it is not easy to understand why 
nehulde situated near the galactic poles should be immensely 
and consistently more distant than nebulae thiongmg the 
vicinity of the galactic equator 


1 BauscliiiLger VIS Astr Ges Jahrg x.xvr p 43 
^ Marxcord Circular 82 Astr Nach ^965 
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Mr Cleveland Abbe^ sought to overcome the difidculty 
by imagining the nebulse to be equably distributed over the 
surface of a prolate ellipsoid its longer axis coinciding 
approximately with the axis of the Milky Way, and this 
arrangement would undoubtedly give an appearance of crowd 
ing in the observed directions, since to an eye placed near the 
centie of such an oval figure objects uniformly scattered over 
its surface would produce, by perspective the effect of running 
together near its pointed ends But this highly artificial 
contrivance was scarcely realisable Our minds demand 
from a theory not barely that it cover the phenomena 
but also that it show itself congruous with the general plan 
of operations upon which we can see that nature works Be- 
sides the local distribution of nebulse is so far from uniform, 
that antecedent probability is in favour of their general distri 
bution being also marked by striking irregularities The 
canopy of nebulse in Virgo is then we may rest assured 
as genuine an accumulation in its own way as the spherical 
assemblage in the Magellanic Cloud 

But if there be no systematic difference of distance between 
the nebular classes occupying contrasted situations as regards 
the lines of galactic structure there must be a systematic 
difference of constitution ^ The parts of those objects crowd 
mg towards the poles must be comparatively small and close 
togethei We have indeed already found reason to believe 
that clusters do in point of fact merge insensibly into nebula 
— that groups of genuine suns at wide intervals stand at 
the summit of an unbroken gradation of systems with 
smaller and closer constituents, down to accumulations of 
what IS almost literally star dust ’ Eesolvability is hence 
a question of constitution quite as much as of distance and 
we are brought to the conclusion that while galactic nebulde 
are of what we may roughly describe as stellar composition 
non galactic nebulse are more or less pulverulent We 
cannot of course pretend to account for this remarkable 
distinction All that can be said is that it to be 

actually existent The irresolvable polar nebulse perhaps 
escaped influences poweiful over the equatorial ones Their 

^ Monthly Notices vol txvii p 262 
Pioctor Monthly Notices vol xvix p 342 
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THE OONSTETJCTION OF THE HEATENS 

SiE William Heesohel conceived it to be the supreme object 
of astronomy ‘ to obtain a knowledge of the construction of 
the heavens , and this in his view, would be accomplished by 
the determination of the leal place of every celestial body 
m space ^ Thus limited the problem would be completely 
solved could the absolute distance be ascertamed of all the 
objects telescopically or photographically discernible m the 
sky But even the attamment of this unattamable point 
would never have satisfied Herschels restless spmit The 
real scope of his inq^uiries went far beyond it They had an 
historical as well as a statistical aim Looking before and 
after ’ they embraced the past and future no less than the 
present of the Cosmos 

Modern investigators are of the same mind The heavens 
are regarded by them from a ‘p'hys%olog%ca,l rather than horn a 
purely anatormcal pomt of view Meie knowledge of structure 
however accurate will not content them The vital functions 
of the orgamsm the mutual dependence of its parts, the 
balance of the mternal forces tending towards destruction 
and preservation, the dimly apprehended aim of its divinely- 
sustained activity, engage their eager attention The heavens 
live and move and the laws of their life and motion involve 
the material destiny of man It is impossible that he should 
be indifferent to them 

Even however if our mstinctive interest in the working 
of the machine were less keen we should be driven to search 
out the dynamical relations of its parts by the impossibility of 

^ Til'll Trmi^ vol cvii p 302 
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otherwise arriving at a true knowledge of their egometncal 
relations Not only are these variable from one moment to 
another but acquaintance with them at any single moment is 
not conceivably accessible to us apart from previous acquaint 
ance with modes and laws of motion For our view of sidereal 
objects lo not simultaneous Communication with them by 
means of light takes time, and post dates the sensible impres 
sions by which we are informed of their whereabouts in the 
direct proportion of their distances We see the stars not 
where they are — not even where they were — at any one 
instant but where they were on a sliding scale of instants 
The epoch corresponding to the apparent position of each 
IS different, and the range of difference extends over some 
thousands of years The reduction of those positions to a 
common epoch so as to get a survey of the genuinely con 
temporary relations in space of all sidereal objects — ideally 
feasible at best — could not so much as be thought of as 
possible without a pieliminary knowledge of their displace 
ments duiing the centuries or millenniums elapsed since the 
ethereal vibrations they originate started on their seveial 
journeys hither Thus the study of configurations blends 
with the study of movements and forces, the restrictions 
placed upon thought by the effort to exclude all but a single 
aspect of phenomena fall away of themselves and we are con 
fronted, whether we will or no, by the stupendous problem of 
the universe as a vital whole 

As a whole , but not necessaiily as the whole The 
sidereal world presents us to all appearance with a finite 
system Human reason would indeed otherwise be totally 
incompetent to deal with the subject of its organisation There 
would be nothing for it but to lay down the arms of our 
understanding before its transcendental and appalling magni 
tude But the probability amounts almost to certainty that 
star strewn space is of measurable dimensions Foi from 
innumerable stars a limitless sum total of radiations should 
be derived by which darkness would be banished fiom our 
skies , and the intense inane glowing with the mingled 
beams of suns individually indistinguishable would bewilder 
our feeble senses with its monotonous splendour This laying 
bare, so to speak of the empyrean would be the simple and 
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certain result of the continuance cad, mjimtum ol any arrange 
inent of sidereal objects comparable with that prevailing in 
our neighbourhood Unless that is to say light suher some 
degree of enfeeblement in space If this be the case, then 
oui reasonings are put to silence and a veil is drawn im 
penetrable to scrutiny But there is not a particle of evidence 
that any such toll is exacted , contrary indications are strong , 
and the assertion that its payment is inevitable depends upon 
analogies which may be wholly visionary ^ Ethereal absorp 
tion and the actual interception of stellai radiance by opaque 
masses are equally the creation of the speculative intellect 
neither mode of action is vouched for by expexience We are 
then for the present entitled to disregard the problematical 
effect of a more than dubious cause The sidereal system 
cannot be regarded as in any tiue sense infinite The scale 
of its construction it is true strikes imagination impotent , 
in the multitudinous splendour of its components m the 
number and variety of the subordinate groups constituted by 
them in the magmficent play of forces it unfolds in the diTYi 
processes of development it suggests it beais glorious witness 
to the power and wisdom of the Almighty Designer, yet it 
has limits and for that reason it is a fit subject for the 
exercise of hmited understandings With further systems 
pinnacled deep out of our sight for ever we have properly 
speaking no scientific concern , we only know that when a 
man hath done then shall he begm " to declare the wonderful 
works of God 

Eegaiding the visible world of stars and nebulae as an 
isolated though excessively complex system we may try to 
give the best order we can to our ideas respecting its consti 
tution Let us see what are the available data The number 
of stais actually registered including those in the Cape 
Photographic Durchmusterung approaches a million of which 
three fifths or thereabouts are of magnitudes between the 
ninth and tenth and the rest are brighter Beyond the 
hmits of this great census minute stars abound , but to how 
many milhons they would sum up if completely enumer 
ated can only be guessed very much ad UUtum Sir John 
Herschel estimated at five and a half millions the stars (to the 

^ Him GonsUtuUon de I JSspace Celeste p 297 
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fourteenth photometric magnitude) perceptible over the entire 
sky with his twenty foot reflector , Struve calculated them at 
twenty millions , and it has been vaguely surmised that a 
hundred millions could he shown by the most powerful modern 
telescopes The photographic International Chart should 
contain by M Loewy s reckoning in 1900 thirty million stars 
to the fourteenth magnitude Yet from the basis of the work 
done in preparing it at Grieenwich down to 1904 the number 
was evaluated at only 13 880 000 Thus, we are still in great 
measure ignorant on the point Different parts of the sky 
vary extremely in richness In some telescopic stars literally 
swarm , in others they occur but scantily It has been com- 
puted by Mr Gore ^ that if the whole heavens were as thickly 
stiewn as the region of the Pleiades the number of stars to 
the seventeenth (nominal) magnitude, would be about thirty- 
three millions But the method of distribution within a 
definite cluster evidently gives no clue to that prevailing out- 
side it A fair specimen field is indeed all but impossible to 
choose Counts in the Milky Way extended in the same 
proportion over the sphere, would vistly exaggerate the 
crowding of the stars , which would in an equal degree be 
underrated by counts executed outside it 

Eeliable data on the subject might one would have thought 
be collected with practical usefulness by the method of 
photographic star gauging Eeckonings of the stars in their 
light ranks upon plates exposed for various lengths of time 
ought to tell with certainty how far the ideal law of augment- 
ing numbers holds good, and where ' thinning out ' becomes 
apparent In an equable stratum the stars must nearly 
quadruple at each descent of a magnitude simply because the 
cubical space holding them is quadrupled^ Should this rule 
be overthrown by excess a real crowding is indicated wt the 
distance corTespond%ng to the altered rate of increase , if by 
defect then obviously the supply of stars in the legion 
examined is becoming exhausted their scattering is sparser 
than in our nearer vicinity, and the termination of the series 
IS at hand if not already reached Photographic soundings 

^ Journ Ziv Astr Soc vol vii p 180 

2 Por some reason still unexplained the obseived ratio falls consistently 
short of the theoietical ratio 
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have nevertheless, some special drawbacks^ Their use is, 
above all hampered by wide disparities depending on subtle 
variations in atmospheric transparency which incalculably 
modify from one night to the next the registering powers of 
perfectly similar plates 

But even Herschels Milky Way gauges although indis 
criminate as regards magnitude afforded distinct evidence of a 
terminating series in the fact that the numbers of stars 
recorded by him amounted to only one third of what might 
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Fra 38-Distnbiitionol934storsTOtliml of the Pole showing the ratio of numbeis to 
space for each lialf magnitude 

have been anticipated from the penetrating power of his 
instrument applied to an indefimtely extended system And 
for a mean sounding at the northern galactic pole M 
Celoiia with a refractor showing at the utmost, eleventh- 
magnitude stars obtained a number almost identical with that 
given by Herschels great reflector The larger instrument 
then here revealed no additional stars Similar symptoms of 
exhaustion m the star supplies may be found in Professor 
Pickermgs photographic catalogue of 947 stars within one 
degree of the celestial north pole^ A single glance at the 

Gavm J Burns Jowm JBT%t ^stv jiss yoI xii p 75 
Harvard Armais vol sviii p 202 
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synoptical table giving the numbers for each h ilf magnitude 
suffices to show that the numerical representation of the lowei 
ranks is inadequate The small stars aie oveiwhelmingly too 
few for the space they must occupy if of average brightness , 
and they are too few in a constantly increasing latio The 
accompanying diagram (Fig 38) represents graphically the 
decrease outward of density (or the proportion of numbers to 
space) deducible from Piofessor Pickerings enumeration on 
the sole supposition of the equal average lustie of each class 
of stars Those of the ninth are the most thickly strewn, 
the intervals between star and star widen rapidly and con 
tinuously (for the sudden dip at 9 5 magnitude is evidently 
accidental) down to 11 5 magnitude when a slight recovery 
lasting to the thirteenth magnitude sets in A result of a 
different character was obtained by Professor Newcomb fiom 
a count of 312 stars to the eleventh magnitude on plates 
taken at Potsdam for the International Catalogue Although 
the region examined lay close to the galactic pole he could 
detect no manifest falling off in the proportionate increase ol 
number with faintness ^ But until more comprehensive 
surveys of the same kind have been executed it will be 
impossible to lay down any general rule for the thinning out 
of sidereal strata Nor even if it were successfully formu 
lated for the rest of the sky could it apply to the Milky 
Way where ' with both hands full veritable star -dust is 
scattered 

A far reaching influence is exercised by this great zone of 
condensation over the scattering of the stars taken in the 
gross 3 but it grows more marked with then diminishing bright 
ness Seehgers ascription to it of infeiioi efficacy in the 
southern hemisphere ^ may now be tested with the help of the 
Cape Durchmusterung The preference of lucid stars for the 
Milky Way is slight yet unequivocal , it appears from some 
careful statistics published by Mi Gore/ that even m them 
the galactic zone is once and a half times richer than othei 
parts of the sky Theie is some evidence however that this 
crowding is towards a plane of condensation distinct from 
though very close to that of the galaxy 

^ The Stars p 284 ^ %ngs'ber%chte Munich 1884 p 521 1886 p 220 

® Journ L%v Astr Soo vol vii pp 175 182 
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A girdle of large stars spanning the southern hemisphere 
was thought by Sir John Herschel to he the projection of a 
subordinate sheet or stratum deviating some twenty degrees 
from parallehsm to the Milky Way ^ The hint was further 
developed by Dr Gould Eew celestial phenomena he con 
sideied to he more palpable than the existence of a stream or 
belt of bright stars traceable with tolerable distinctness 
through the entire circuit of the heavens and forming a gieat 
Glide as well defined as that of the galaxy itself ^ which it 
crosses at an angle of about 20° in Crux and Cassiopeia 
Traversing in the southern hemisphere Orion Cams Major 
Argo the Centaur Lupus, and Scorpio it pursues its way in 
the northern through Taurus Perseus Cassiopeia Cepheus 
Cygnus and Lyra its line being less obviously continued by 
the stais of Hercules and Ophiuchus® Like the Milk y Way 
it seems to bifurcate near a Centauri the branch there thrown 
off reuniting with the parent stem in Andromeda That the 
stars thus marked out to the number of about five hundred, 
constitute with the sun a cluster of a flattened and somewhat 
bifid form distinct from the vast organisation of the Milk y 
Way grew into a conviction with the progress of Dr Gould s 
observations 

The grounds upon which it was based have nevertheless, 
been gradually undermined by close and varied research 
Gould s star-belt continues to subsist, its reality is unquestioned, 
but its relations are different from those which he assigned to 
it It has assuredly galactic, not solar proclivities Mr 
J E Sutton pointed out in 1891 that the tracts where it 
coalesces with the Milky W ay are marked by profound dis- 
turbance of the nebulous stream * But this could only result 
from an actual mtermmgling of the two formations A gain 
many perhaps most of the belt stars give spectra of the 
hehum type , and the chosen habitat of hehum stars is — we 
are led to beheve — within the galactic aggregations Nor is 
there the least justification for holdmg the sun to be a member 
of any specialised stellar group Some ostensible evidence 
derived from proper motions implymg the genume existence 

^ Cafe Results p 385 

2 Atner Joum tf Saience vol ym p 333 (1874) 

3 Uran Argentina p 356 * Knowledge vol xiv p 124 
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of a solar cluster, is now known to have been misleading 
Professoi Eapteyn was justified by the data placed at his 
disposal in concluding that stars of the solar type are crowded 
in the neighbourhood of our sun ^ but he fully recognised latei 
the defective nature of those data and withdrew the inference 
founded on them ^ 

The wide separation of the belt stars from our own 
place in the universe adds incalculably to the importance 
of the phenomenon which they constitute Their remoteness 
necessarily enhances our estimate of their size and luminosity, 
the condensation of an extraneous stellar multitude towards 
the plane they affect testifies to their attractive power , while 
their orderly arrangement as if m a ring like enclosure still 
further perplexes the enigma presented by this surprising 
feature of the sidereal system Its natural effect in dis- 
arranging the theoretical progression of photometric ranks 
augments seriously the difficulty of searching out the laws of 
stellar distribution Into those ranks close upon five hundred 
extra stars are intruded all above the seventh magnitude 
which have no proper status among the denizens of intra 
galactic space There is accordingly an excess of bright stars 
with small proper motions — sentinel stars one might call 
them posted at the outskirts of the world which might well 
serve to arrest runaways on the verge of breaking bounds 
through over acceleration Gould in fact showed that, 
deduction having been made of five hundred belt-stars the 
remainder of those he had the means of enumerating down to 
9|- magnitude form a tolerably regular series increasing in 
numbers nearly in the theoretical proportion of their diminish 
ing light ^ And the conclusion that these five hundred 
superfluous objects do in fact compose a group apart, is 
strengthened by the symmetrical arrangement with regard to 
the belt of the bright stars outside it Their tendency 
to collect towards its central plane was thought by Di 
Gould to be irrespective of the Milky Way except in so 

^ JProc Amsterdam Acad of Sciences April 29 1892 January 28 1893 

2 Ihid April 20 1901 p 689 

® The empirical latio (that resulting from actual enumeration) of multi 
plication of numbers per magnitude is 3 912 the theoietical ratio is 3 987 — 
Uran Argentina p 367 



368 THE SYSTEM OF THE STABS 

far as the two formations coincide by the projection of one 
upon the other 

It IS worth notice too that the present direction of the 
solai movement agrees with the general "'lie of the belt, 
although other stars give no sign of preference for any funda 
mental plane of revolution Yet quite obviously the con 
figuration of moving bodies is the aggregate expression of their 
mode of movement A ring of stars can be a substantial 
reahty only if it be constructed on a dynamical foundation 
Its members must travel along the zone of their distribution 
Should they eventually be proved not to do so then Gould s 
belt will stand revealed as an illusory appearance This 
question of systematic proper motions is evidently fundamental 
to the architectonics of the universe and we aie still a long 
way from being able to answer it 

In a long senes of researches Mr Maxwell Hall of Jamaica, 
attempted to fix the elements of the sidereal system, regarded 
as an undivided whole ^ The phn of structure attributed to 
it was identical with that suggested as baiely possible to be 
reahsed in globular clusters Nothing could be simpler 
There being no dominant central mass attractive foioe and 
velocity increase progressively outward and all the movements 
in the collection in whatever plane pursued and whether in 
orbits neaily circular or highly eccentric are governed by a 
smgle period or annvs magnus But the scheme is practically 
unworkable as faihng to accommodate itself to the ii regularities 
and versatilities of nature , and its elaboration conveyed only 
a warnmg that the great problem was by such means im 
pregnable 

The subject is one which, for the piesent can only be 
approached tentatively , it would be highly undesirable that 
mvestigators should for that reason be discouiaged from 
approaching it at all The life of a science is in the thought 
that binds together its facts , decadence has already set in 
when they come to be regarded as an end in themselves 
Man IS the interpreter of nature , to draw up an inventory 

^ MemoiTs R Astr Society vol xliii p 157 Monthly Notices vol x\xii: 
p 126 xlvii p 521 Ivii p 357 Iviii p 473 In tlie concluding papers 
of the senes Mr Hall found it advisable to substitute for a law of force varying 
directly as the distance one constant at all distances from the centre 
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however is not to interpret It is true that speculation is 
prone to wander into devious ways , but then ^ truth emerges 
more easily fiom error than from confusion And in sidereal 
science especially there is danger lest investigators, seduced 
by the wonderful facilities of novel methods should exhaust 
then energies upon the accumulation of data and leave none 
for the higher work of marshalling them along the expanding 
lines of adequate theory Mr Hall s efforts had thus a value 
not to be measured by definite achievement 

It IS scarcely probable that indications as to the 
general plan of the sidereal world sufficiently definite foi 
purposes of numerical calculation, can be gathered during the 
present era of human knowledge A limitless field of fruitful 
research however lies open even now in the systems of various 
degrees of subordination the federated combination of which 
we may reasonably suppose to constitute the supreme unity 
of the cosmos From double triple multiple groupings to 
knots drifts clusters clouds of stars, an ascending scale of 
complex arrangement leads upwards to the unknown — ^perhaps 
beyond it to the unknowable 

As the outcome of recent statistical inquiries a distinction 
has been set up between the stars arrayed into more or less 
definite groups or masses and the apparently incoherent 
multitude forming the ordinary population of sidereal space 
Every cluster is strewn with interjacent stars, and projected 
upon a background of disconnected stars Even the great 
galactic drifts are not only seen through a starry veil but 
may possibly (Professoi Newcomb thinks) have a stairy curtain 
drawn behind them 

Hence Newcomb s inference that if we could remove from 
the sky the swarms of stars constituting the cloud forms of 
the Milky Way as well as all local aggregations we should 
have left a scattered collection constantly mere ising in density 
towards the galactic belt ^ Sweeping away the crystallisation- 
products (to put it figuratively), we should find remaining a 
saturated solution of stars 

Again Professor Pickering states that stellar distribution 
within and outside the Milky Way is so far identical that the 
proportion of stars of a given magnitude to the total number 
^ The Stars p 276 
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in any single region is eyery where the same But within 
the galactic area the numbers are doubled There are 
twice as many stars of each consecutiye photometric ranh 
down to the twelfth magnitude ‘ The Milhy Way he adds 
covers about a third of the sky and contains about half the 
stars There is no evidence of a limit to the faintness of stars 
although the proportionate increase in numbers becomes less 
for each successive magnitude ^ 

These are remarkable facts, and they acquire a deeper 
meaning from their association with physical diveisities 
The various spectral classes are not alike in their mode of 
scattering Each obeys laws and tendencies proper to itseE 
Thus Siiian stars which form the majority of the entire 
are drawn towards the plane of the Milky Way and supply 
the material of its lucent throngs Solar and Antarian stars, 
on the other hand display no galactic preferences , they occur 
with equal profusion m all sections of the sphere The 
TJmverse is thus shown Professor Pickering writes® “to con 
sist of two portions , first the stars of the first type which, 
although frequent in all parts of the sky predominate along a 
certain plane thus formmg the Milky Way The second 
portion consists of stars whose spectra are of the second and 
third types They show no concentration in the Milky Way 
but are, in general uniformly distributed m all parts of 
the sky These two portions should be treated separately 
in all discussions of the structure of the Universe, such 
as studies of proper motion parallax motion of the Sun 
in space etc The proportion of stars of the first type to 
the total number mcreases when famter stars are included 
while with the Orion stars the opposite seems to be the 
case 

Our own sun, so far as present knowledge acquaints 
us, belongs to the class of what Herschel called inter- 
systematical stars — stars that is exempt from particular 
ties and exhihitmg in their movements the net result of 
cosmical compulsion How many of them there may be, we 
have no means of judging , but it is easily seen that special 
association becomes more prevalent with increasing remoteness 
from our post of observation For this among other reasons, 

1 EarvaH Annals yol xlviu p 185 ® Ibid yol lyi p 26 
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displacements among tie members of tie several groups evade 
notice When then nature develops as it must with the efflux 
of time it will perhaps occasion embarrassment The sub 
sistence of a dynamical equilibrium may not always he implied 
by it Companionship v^hich on the sidereal time scale might 
he called transient, is even conceivahle One set of com 
hinations may he dissolved to give place to others , a single 
star may pass from one vast confederacy to the next, seeking 
its fortune as it were, through space , or breaking away from 
the entire congeries of systems rush out into the ethereal 
desert to find itself after milliards of ages within the piecmcts 
of a strange galaxy beyond terrestrial ken with telescope or 
camera 

The more attentively the configuration of the stars is 
studied the more clearly do special phenomena of grouping 
come into view Among the minute stars of the Milky Way 
above all a tendency towards the display of typical patterns 
IS in ceitain parts of the sky almost as unmistakable as it 
would hem a ball room ciowded with dancers suddenly arrested 
in threading their way thiough the figures of a quadrille 
or a minuet Yet in the heavens methodical distribution 
must always be to some extent masked by the projection upon 
the same surface of objects at totally different distances 
That, under these circumstances, it should often be effaced is 
less remarkable than that it should occasionally become 
apparent 

One of the typical forms m which stars seem to collect is 
that of au ellipse or circle seen in perspective ^ Eadiated struc 
tures also occur , and Father Secchi who early drew attention 
to this curious subject regarded the preseuce of a large red star 
in a commanding situation among mmor objects as a common 
trait of physical arrangements ^ The spectral relations of the 
objects composing them was made the subject of a suggestive 
study by J Maclair Boiaston in 1893 ® As specunens of 
a class of objects to which the ‘persevermg student ’ could 
mate large additions with an increasing conviction as to 
the mutual interdependence of their constituents Webb 

1 Century Magmine Sept 1889 p 787 
Att% dell Accced Pont t vii p 67 

3 Astr and Astrophysics vol xii p 68 
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singled out m the constellation Hercules a “wreath a 
“ double n>»a.in and a recurved line of small stars proceeding 
from one of 7 5 magnitude ^ The predominance of the 
spray form of association was dwelt upon by Proctor , 
while some regions Professor Holden tells us are characterised 
by streams of stars defiling m rows of a dozen or two across 
the telescopic field ‘ Others he continues ‘ are rich in 
fi-mflU definite elhpses of stars often all of the same size In 
some cases stars are surrounded by circles of other fainter 
stars In other instances the elhpses become tolerably 
regular ovals often of large size These interlace in the most 
intricate manner We can freq^uently trace new and 

highly interesting features of the hind by paying attention to 
stars of one magnitude only If we regard the eleventh- 
magnitude stars alone foi example we may find rmgs and 
ovals of these stars forming a regular pattern m the sky 
Interlacing with these may be found another pattern of similar 
ovals (usually smaller) of stars of the twelfth magnitude and 
so on ^ 

It must indeed be admitted that the search for ‘star 
patterns is over somewhat treacherous ground Imagination 
may here easily play the part of will o -the wisp Among a 
multitude of scattered objects counterfeit groupings of any 
given design can be put together by a very shght stretch of 
fancy It was shown experimentally hy Lady Huggins that 
the random distribution of dots of Indian mk does not 
exclude the possibility to a predisposed eye of forming them 
into almost any desired figures But the illustration should 
not nor was it designed to lead us to set down as purely 
imaginary the visible pecuharities of stellar arrangement 
This would be an extreme q^uite as mischievous as that of 
unipualified credulity since there is cumulative evidence that 
the peculiarities in q^uestion are, in many cases real and 
sigmficant ® 

Mt Proctor expressed his conviction that “ star streams 
will eventually prove themselves genuine by the unanimity of 

1 Cel Oi}eds p 323 

2 KofitUy Notices vol 1 p 62 Of Barnard ibi(Z p 314= BacklioiLse 
p 374 

3 TnUicaticms West Ee%do7i Ohsermtory vols i ii 
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their proper motions^ And it is obvious that they mu only 
subsist upon this condition Iheir oraer woma 
be a merely passing coincidence Stars maichmg 
Indian file’ are presumably swayed by " 

acting upon them from a very great distance § P 

that they form is aot self centred but makes only p 

Sgams^Uo. Seg.eg.tx,., en the cth» hand ^ th 

axeLguAng note .£ true d.*,.. 

described as autonomous demociacies, each of 

leymg the umted commauds of all while outside influences 

although exeited upon them collectively, are without effect 

upon then internal regimen loast 

A ‘streaming can then be discriminated (at least 

ideally) from a “ clustering collection of stars by the circurn 

the — -“t-\h.trr, 
;ur .. ax.™.™ 

of the Mdky Way , there is some appearance that they not 
:„ta.“a7ccn.^te ox «mh.ne wxthx. the .ame d-er he 
1x11.8 tendeney woxkx.g tomxds 

clustering tendency for the preservation of the system Th 
IS not the only feature of sidereal construction which conveys 
a hint to ns that the world of stars and nebnl® is in a state 

of transition We see it in only one phase ^ 
ment To regard its condition as settled upon an unalterable 
W would L to misconstrue signs everywhere legible to 

^^*^SmcV°sto™^and nebulae are undeniably united into a 
single scheme our view of the universe must embrace both 
ctaes The distribution of uebul^ is in fact complementa^ 
t T distribution of stars Assemblages of o- W iE 
m the outlines left blank by the assemblages of the other 

cnlax geomelical 

the iS)nl® Necessarily too of a rotating globe, smce axial 

1 ITmmrse of Stars p 84 
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movement alone gives rise to the distinction "between poles and 
eqLuatoi 

The opinion that the shape of the visible universe is 
spherical or spheroidal rather than lenticular was expressed 
by Radau,^ Klein, and Ealb ^ The polar relations of the 
nebulse to the plane of the Milky Way admit indeed of no 
other interpretation And these relations can scarcely have 
been determined otherwise than by the rotation on an axis of 
the colossal undivided volume The condition thus indicated 
as primitively existing may have become modified with time , 
and even if still prevalent should he unrecognisable by us 
since the relative situations of the heavenly bodies would as 
Falb remarked be absolutely unaffected by it 

All that we can see clearly is that an universal movement 
of rotation had much to do with the present distribution of 
matter in sidereal space Whether the forces which have 
brought it about are still active must remain an open question 
The opposite tendencies of stars to gather in the equatorial 
plane, and of nebulae to stream towards the poles of the 
system may not even yet be exhausted , but the decision of 
this point must be left to a dim futurity The efficacy in 
the past or at present of contrary drifts would apparently 
imply an inherent difference in the qualities of the objects 
respectively swayed by them , and would so far, contribute to 
invalidate the consecrated hypothesis of stellar development 
from nebulae 

We can, indeed, hesitate to admit neithex the fundamental 
identity of the material elements of the universe nor the 
nebulous origin of stars The transition from one to the 
other of the two great families of the sidereal kingdom is so 
gradual as to afford a rational conviction that what we see 
contemporaneously in different objects has been exhibited 
successively by the same objects Planetary nebulae pass into 
gaseous stars on one side into nebulous stars on the other, 
the greater nebulae into clusters The present state of the 
Pleiades refers ns inevitably to an antecedent condition closely 
resembling that of the Orion nebula , the Andromeda nebula 

^ Bull Astr t 11 p 88 

® jSartdhuch der H^mmdse'tsche'mungm Th ii p 312 S%r%ns Bande vii 
p 10 viii p 198 
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recognise witli supreme conviction that He who made the 
heavens can restore them, and that when the former things 
have passed away and the scroll of the skies is taken out of 
sight like a book folded up a new heaven and a new 
earth shall meet the purified gaze of recreated man 
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TABLE I 

Th® 40 Brightest Stars in order or Magnitude^ 
THE SUN STRLLAR MAGNITUDE - 26 5 


Designation 

E A 

1900 

Dec 

1900 

Mag 

Spectrum 

Remarks 

Sinus 

h m 

6 40 7 

-16 35 

-1 58 

Siiian 

Binary satellite of 10“ 

Canopus 
tt Centaun 

6 21 8 

-52 39 

-0 86 

Sirian solar 

Insensible parallax 

14 32 8 

-60 25 

+ 0 06 

Solar 

Components of 0 36“^ and 1 Gl“ 

Vef,a 

Capelld 

18 33 6 

+ 38 41 

0 14 

Siiian 


5 93 

+ 45 64 

0 21 

Solar 

Spectioscopically compound 

Arcturus 

14 11 1 

+ 19 42 

0 24 

Solar 


Eigel 

Procyou 

Acliernar 

6 97 

- 8 19 

0 34 

Helium 


7 34 1 

+ 5 29 

0 48 

Srrian solar 

Binary satellite of 18“ 

134 0 

-57 44 

0 60 

Helium 

Real briglitness 28 times solar 

p Centaui i 

13 66 8 

-59 53 

0 86 

Helium 


Altair 

19 45 9 

+ 8 36 

0 89 

Sirian 

Spectrum hazy 

Betelgeux 
a Crucis 

5 49 8 

+ 7 23 

1 Otol 4 

Antanan 

Irregularly variable 

12 210 

-62 33 ! 

105 

Helium 

Oombmes two equal stars 

Aldebaran 

4 30 2 

+ 16 19 

106 

Solar 


Pollux 1 

7 39 2 1 

+ 28 16 

121 

Solai 


Spica 

Antares 

13 19 9 

-10 38 

121 

Helium 

Spectroscopic binary 

16 23 3 

-26 13 

1 22 

Antarian 

Companion gives a Sirian 
spectrum 

Pomalhaut 

22 52 1 

-30 9 

1 29 

Sinan 

a Cygni 

Reguius 
j8 Crucis 

Castor 

20 38 0 

+ 44 55 

133 

Sirian 

Insensible parallax 

10 3 0 

+ 12 27 

1 34 

Helium 

McClean s oxygen star 

12 41 9 

-59 9 

1 50 

Helium 

7 28 2 

+ 32 6 

1 68 

Sirian 

Components 2 0“ and 2 86® 

7 Crucis 

12 26 6 

-56 33 

1 60 

Antarian 


e Cams Major IS 

6 54 7 

-28 50 

1 63 

Helium 


e XJissc Majons 

12 49 6 

+ 56 30 

1 68 

Sirian 


Bellatnx 

5 19 8 

+• 6 16 

1 70 

Helium 


\ Scorpii 
e Oanuas 

17 26 8 

-37 2 

1 71 

Helium 

Spectrum composite 

8 20 5 

-59 11 

1 74 

Solar 

e Ononis 

5 31 1 

- 1 16 

1 75 

Helium 


Taun 

Cannae 
a Tnanguli 

5 20 0 

+ 28 31 

1 /8 

Helium 


9 12 1 

-69 18 

1 80 

Sirian 


16 38 1 

-68 51 

1 88 

Solar 


Australis 







1 See Sancerd Armais vol No 4 


77 




378 


THE SYSTEM OF THE STAES 


Designation 

B A 
1900 

Dec 

1900 

Mag 

Spectrum 

Remarks 

0 . Persei 
^ Orioms 

97 Ursse Majons 
y Greminomm 

CL Ursse Majoiia 
€ Sagittani 
d Gams Majoris 
jS Cams Majoiis 

li m 

8 17 2 

5 35 7 
IS 43 6 

6 31 9 
10 57 6 
18 17 5 

7 43 

S 18 3 

+ 49 30 
-20 
+ 49 49 
+ 16 29 
+ 62 17 
-34 26 
-26 14 
-17 54 

1 90 

1 91 

1 91 

1 93 

1 95 

1 95 

1 98 

1 99 

Solar 

Helium 

Helium 

Sinan 

Solar 

Sirian 

Solar 

Hebum 

Components of 2 0“ and 4 2“ 

Spectroscopic binary 


TABLE II 

Rephesentative Variable Stabs 


1 LOITG PEEIOD VARIABLES 


Name 

E A 
1900 

Dec 

1900 

Bange in 
Mag 

Period m 
Days 

Remarks 

Mira Oeti 

h. m 
214 3 

- 3 26 

17 95 

332 

Period subject to deviations 
of fully 20 d from the mean 
Else occupies 125^ 

XJ Oiioms 

5 49 9 

+ 20 10 

6 8 12 3 

375 

Spectrum third type with 
bright H lines at max.imuni 

B Carinse 

9 29 7 

- 62 21 

4 6 10 

310 

Roberts finds an meqLuality 
in the period comprised in 
about 38 years 

E IS'orinse 

15 28 8 

-49 10 

7 115 

471 

Secondary maxima and mini 
ma observed by Iniies 

X Cygui 
y Delphini 

19 46 7 

20 43 2 

+ 32 40 
+ 18 58 

4 5 13 5 

7 3 17 3 

406 

540 

Period slowly lengthening 
Range of magnitude the "Wiclest 
knovm 


2 IRREGULAR VARIABLES 


S Boradus 

5 18 9 

- 69 21 

8 2 9 8 


In cluster N G- 0 1910 Spec 
trum first type with bright 

H lines 

7j Carinse 

10 412 

-59 10 

- 10+77 


At a constant minimum since 
1886 

R Ooronse 
Borealis 

15 44 4 

^ + 28 28 

; 5 5 10 1 


Sndden failures of light aflect 
this star at uncertaiu in 
tervals 

u Herculis 

17 13 6 

+ 33 12 1 

4 6 5 4 


Helium spectrum difihse 

lines Radial velocity widely 
variable 

R Scuti 

18 42 2 

- 5 49 

48 7 8 


Spectrum solar with bright 
lines Radial velocity con 
btant at +42 1 ms per 
second 

RW Cygni 

20 25 2 

+ 39 39 

7 710 5 


Spectrum probably variable 
of fourth type in 1885 
(Ispin) 
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3 CBPHEID TAEIABLES 


Name 

B A 
1900 

Dec 

1900 

Eange m 
Mag 

Period in 
Days 

Remarks 

U Leporis 

li m. 

4 52 0 

-21 22 

9 0 

10 0 

13 9 

Else very rapid Pt>iiod 

lengtlienmg (Innes) 

R Muscse 

12 36 0 

-68 52 

6 5 

7 6 

0 8 

Spectrum solar type 

W Sagittaxi 

17 58 6 

-29 36 

43 

5 1 

7 6 

Binary revolution syncliron 
ouswithliglit change Sub 
sidiary period of 3 8<i mdi 
cated (Curtiss) 

77 Aq^mlse 

19 47 4 

H- 0 45 

3 7 

45 

7 1 

Discovered by Pigott 1784 
Spectroscopic binary 

T Tulpeculse 
d Gephei 

20 47 2 

+ 27 52 

5 6 

65 

4 4 

Spectroscopic binary (Frost) 

22 25 4 

+ 57 54 

3 7 

46 

5 3 

Spectroscopic binaiy Non 
eclipsm Spectrum solar 







type 


4 GEMINID VARIABLES 


^ Gemmorum 

6 68 2 

+ 20 43 

3 8 4 3 

10 2 

Non eclipsing binary Double 
periodicity indicated (Camp 
bell) 

T Puppis 

7 55 4 

-48 68 

4 148 

1 4 

Spectroscopic binary Heliim 
spectrum 

S Antlise 
'W Ursee Ma-jons 

9 27 9 

9 36 7 

-28 11 
+ 56 25 

6 3 6 8 

7 9 8 6 

0 3 

0 17 

Sirian solar spectrum 

Light curve nearly symme 
trical (Muller and Kempf 
1908) 

(3 Lyrae 

18 46 4 

+ 33 16 

3 4 4 1 

12 9 

Helium spectrum mth variable 
bright lines Double peno 
dicity 

Y Yulpeculae 

20 32 3 

+26 15 

8 3 9 7 

75 7 

Light change analogous bo 
that of ^ Lyras 


6 CLUSTER VARIABLES 


Ko 8 w Oeatauri 

13 20 8 

-46 57 

12 8 14 3 

0 52 

One of 128 variable components 
of the great southern cluster 
Nearly constant ininmiiim 
of 6^1 duration 

Ko 7 Messier 6 

15 13 5 

+ 2 27 

13 5 14 9 

0 50 

Situated in the globular clus 
ter in Libra Minimum lasts 

0 4 of total period 

S Am 

Y Lyrse 

17 51 5 

18 34 2 

-49 25 
+ 43 52 

9 5 10 8 
11 3 12 3 

0 45 

0 61 

Rises to maximum m Ui 10 m 
Increase of light effected in 
Ih 30 m 

14 1904 Oyghi 

20 1 3 

+ 58 4 

10 7 11 6 

0 13 

Discovered by Madame 
Cexaski m 1904 

UY Oygm 

20 52 3 

+ 30 3 

9 6 10 4 

06 

Else completed m 1 h 63 m 
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TABLE III 

List of Eclipsing Staes 


Name of Star 

B A 

1900 

Dec 

1900 

Penod m 
Days 

Phase in 
Mag 

Remarks 

XJ Cephei 

h m 

0 53 4 

+ 81 20 

25 

70 9 2 

Duration of phase =11 h 

Z Persei 

2 33 7 

+ 41 36 

3 1 

9 4 12 

Eclipse annular (Yenclell) 
Discovered hy Williams 1902 

Algol 

3 17 

+ 40 34 

2 8 

213 2 

Spectioscopically verified as 

RT Pexsei 

3 16 7 

+ 46 12 

0 85 

9 5 11 0 

an eclipsing variable by 
Vogel m 1889 

Phase occupies ^ h Dis 

X Tauri 

3 55 1 

+ 12 12 

3 9 

3 3 4 2 

covered by Madame Ceraski 
in 1904 

Phase lasts 10 h Eclipsing 

R Cams Majoris 

7 14 9 

-16 12 

1 1 

67 6 3 

star partially luminous 

Phase completed in 6 h 

Y Oamelopardali 

7 27 6 

+ 76 17' 

3 3 

9 5 112 

Density cannot exceed 0 26 
that of the sun (H N 
Eussell) 

Discoveied by Madame 

R2 Puppis 

7 43 5 

-41 8 

6 4 

10 0 11 0 

Ceraski in 1900 

Phase lasts 16 h (Innes) 

X Cannae 

8 29 1 

-58 53 

0 6 

7 9 87 

Density of system Jth solar 
(Roberts) 

Two bright stars revolving 

S Cancri 

8 38 2 

+ 19 24 

94 

8 0 10 2 

in Idl undergo alternate 
eclipses (Roberts) 

Duration of phase 214 li D en 

S Yelorum 

9 29 4 

-44 46 

5 9 

7 8 93 

sity =0 025 solai (Russell) 
Phase occupies 16 h Density 

R Veloram 

10 17 8 

-41 51 

1 8 

10 0 10 9 

= 0 04 solar (Russell) 
Duration of phase =8 h 20 m 

Z Dracoms 

11 39 8 

+ 72 49 

1 4 

9 4 12 5 

Density =0 4 solar (Roberts) 
Phase accomplished in 6 h 40 

8 Li'brae 

14 55 6 

- 8 7 

23 

50 62 

m Discovered by Madame 
Ceraski in 1903 

Phase occupies 12 h Radial 

XJ CoTonae Bo 

15 14 1 

+ 32 1 

3 4 

7 6 8 7 

velocity widely variable 
Duration of phase =10 h 

realis 

R Arae 

16 31 4 

-56 48 

44 

6 9 8 0 

Penod shortening Density 
=01 solar (Russell) 

Duration of phase =9 h 30 m 

XJ Ophinclxi 

17 114 

+ 1 19 

0 8 

6 0 6 7 

(Roberts) 

Phase occupies 6 h 20 m 

RY Ophiuclii 

17 29 8 

+ 7 19 

2 

9 0 112 

Period affected hy an in 
equality cyclical in about 37 
years (Chandler) 

Z Herculis 

17 63 6 

+ 15 9 

3 9 

7 179 

Two unequal eclipses take 

RS Sagittam 

18 no 

-34 8 

24 

5 7 63 

place in each period the 
principal lasting 6 6 h the 
secondary 4 h (Dun6r) 

Penod unequally divided by 






a secondary minimum show 
mg orbital eccentricity 
=0 25 (Roberts) 
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ISfame of Star 

R A 

1900 

Dec 

1900 

Period in 
Days 

Phase in 

Mag 

Remarl s 

T Serpeatis 

li m 

18 11 1 

-<15 33 

3 6 

9 5 10 0 

Period halved by a secondary 
minimum (Pichermg) 

HX Hexculis 

18 26 0 

+ 12 32 

0 8 

7 0 7 5 

Period comprises tw unequal 
minima Eclipsing charac 
ter doubted by Yendell 

U Scuti 

18 48 9 

-12 44 

0 95 

91 96 

Duration of phase =5 h 
Secondary minima indicated 
Discovered by Gerasl i m 
1901 

RY Lyise 

U Sagittse 

19 12 6 
19 14 4 

+32 15 
+ 19 26 

3 5 

3 3 

11 0 12 S 

6 5 91 

Discovered ty Williams 190 
Phase occupies 12 h Dis 
covered by Schwab 1901 

SY Cygni 

19 42 7 

+ 32 28 

6 0 

10 0 12 1 

Discovered by Madame 
Ceraski m 1900 

Cygm 

20 0 6 

+41 18 

3 3 

9 312 5 

Discoveied by Madame 
Ceraski m 1904 

SW Cygm 

20 3 8 

+ 46 1 

4 5 

9 0 11 7 

Phase lasts 13 b Discovered 
by Madame Oerashi in 1898 

VW Cygm 

20 11 4 

+ 34 12 

8 5 

9 8 11 8 

Phase lasts 19^ b Discovered 
by Williams 1903 

XJW Cygai 

20 19 6 

+ 42 55 

3 4 

10 0 12 0 

Phase lasts 8i b Discovered 
by Williams 1901 

"W Delpliiiii 

20 33 1 

+ 17 66 

4 8 

9 4 121 

Duration of phase =14h Dis 
covered by Miss Wells 1896 

Y Cygm 

20 48 1 

+ 34 17 

14 

7 1 79 

System probably composed 
of two mutually eclipsing 
equal stars revolving in 
twice the light ponod 
(Dun6r) 

Cygm 

21 2 3 

+ 46 23 

1 5 

12 4 13 7 

Discovered by Madame 
Ceraski 1902 

VZ Cygm 

21 65 2 

+ 43 52 

313 

8 9 11 6 

Phase lasts 2d Discovered 
by Mrs Fleming 190 
Secondary minima observed 
by Hartwig 
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TABLE V 

List op Staes with sensible Parallaxes ^ 


Name of Star 

B A 

1900 

Dec 

1900 

Mag 

Parallax 

Autliority 

|3 Cassiopeiae 

h m 

0 3 8 

-1-58 

36 

24 

0 

15 

Pritchard Photography 

Groombridj^e 34 

012 7 

-h43 

27 

8 0 

0 

29 

Auwers Differences of K A 

^ Toncani 

0 14 9 

-65 

28 

4 3 

0 

138 

Elkm Heliometer 

p Hydri 

0 20 5 

-77 

49 

29 

0 

134 

Gill Heliometer 

a Cassiopeiae 

0 34 8 

-1-55 

59 

25 

0 

04 

Pritchard Photography 

7j Cassiopeiae 

0 43 0 

-1-57 

17 

3 6 

0 

18 

Peter Heliometer 

fA Cassiopeiae 

1 1 6 

-1- 54 

2$ 

5 2 

0 

13 

Peter Heliometer 

Polaris 

1 22 6 

-f88 

46 

21 

0 

05 

Pritchard Photography 

Fomalhaut 

134 0 

-57 

45 

0 6 

0 

04 

Gill Heliometer 

r Ceti 

1 39 4 

-16 

28 

3 6 

0 

31 

Flint Differences of R, A 

e Fridani 

3 15 9 

-43 

27 

4 3 

0 

15 

Elkin Heliometer 

0 ^ Eridani 

4 10 7 

4-17 

48 

45 

0 

166 

Gill Heliometer 

Aldebaran 

4 30 2 

-1-16 

19 

1 1 

0 

107 

Ell in Heliometer 

ZC 61243 

5 6 7 

-45 

3 

85 

0 

312 

De Sitter Heliometei 

Capella 

5 9 3 

-f-45 

54 

02 

0 

08 

Elkin Heliometer 

Betelgeux 

6 49 8 

-h 7 

23 

1 Oib 

0 

023 

Elkin Heliometer 

t/'® Aurigae 

6 39 5 

-1-43 

41 

53 

0 

11 

Schui Micrometer 

Sinus 

6 40 7 

-16 

35 

-16 

0 

37 

Gill Heliometer 

51 Hev Oephei 

6 63 7 

+ 87 

12 

52 

0 

027 

Wagner Meridian ohsei 







vations 

Castor 

7 28 2 

-1-32 

6 

16 

0 

05 

Curtiss Spectroscopic mea 








siires 

Procyon 

7 34 1 ' 

-h 5 

29 

05 

0 

325 

Elkin Heliometer 

Pollux 

7 39 2 

4-28 

16 r 

1 2 

0 

065 

Elkin Heliometer 

Lalaude 15290 

7 47 2 

4-30 

53 

82 

0 

02 

Peter Heliometer 

10 Ursse Majoris 

8 54 2 

4-42 

11 

41 

0 

02 

Wagner Meridian ohser 







vations 

Lalande 18115 

9 76 

4-63 

7 

78 

0 

18 

Peter Heliometer 

6 Ursse Majoris 

9 26 2 

4-52 

8 

33 

0 

09 

Peter Heliometer 

Lalande 19022 

9 37 1 

4-43 

10 

80 

0 

06 

Kapteyn Differences of 








E A 

20 Leon IS Mmoris 

9 65 2 

4-32 25 

55 

0 

06 

K^tpm Differences ol 

Regulus 

10 3 0 

4-12 

27 

13 

0 

022 

Elkin Heliometei 

Oioombridge 

10 5 2 

4-49 

58 

68 

0 

17 

Peter Heliometer 

1618 








Groombridge 

10 21 9 

4-49 

19 

65 

0 

11 

Ka])teyn Differences of 

1646 







E A 

Groombridge 

1657 

Lalande 21185 

10 27 7 

4-49 

42 

76 

0 

048 

Kapteyn Differences of 

E A. 

10 57 9 

4-36 

38 

7 5 

0 

344 

H H Russell Photo 








graphic measures 

Lalande 21258 

11 0 5 

-1-44 

2 

8 5 

0 

24 

Kapteyn Auwers and 








Kru^ei 

S 1616 

11 8 6 

+74 

1 

7 0 

0 

10 

De Ball Micrometer 


1 In preparing this list recourse lias been bad to several authorities especially" to the 
similar collections published by ITewcoinb and Kapteyn in 1 he Stars Gromiigen 
P%cblhcat%o%$ ITo 8 respectively 
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Name of Stax 

E A 

1900 

Eec 

1900 

Mag 

Paiallax 

Atitliority 

A Oe 11677 

li m 

11 14 8 

4-66 23 

9 0 

0 10 

Fian7 Heliometer 

Bradley 1584 

11 29 6 

-32 18 

6 0 

0 03 

Flint DiflereEces of R A 

S 1561 

11 33 5 

4-45 40 

6 7 

0 04 

kapteyn Differences of 

R A 

Kapteyn Differences of 

Groom'bridge 

11 40 3 

4-48 14 

8 0 

0 03 

1822 





R A 

Groomlindge 

1147 2 

4-38 26 

6 6 

0 148 

Kapteyn and others 

1830 





Kapteyn Differences of 

Groombridge 

1865 

12 4 6 

4-40 49 

7 3 

0 or 

a Crucis 

12 21 0 

-62 33 

1 0 

0 05 

Gill Heliometei 

7 Tirgims 

12 36 3 

- 0 55 

2 9 

0 074 

H 17 Russell Photography 

/3 Comse 

13 7 2 

4-28 23 

4 5 

0 11 

Peter Heliometer 

(3 Centaiiri 

13 56 8 

-59 53 

0 9 

0 03 

Gill Heliometer 

Arcturus 

14 11 1 

4-19 42 

0 24 

0 024 

Elkin Heliometei 

a Centaun 

14 32 8 

-60 25 

0 06 

0 75 

Gill Heliometei 

Piazzi XIY 212 

14 51 5 

-20 58 

6 3 

0 167 

Dc Sitter Heliometer 

Lala.nde 27298 

14 52 3 

4-64 4 

7 5 

0 088 

Peter Heliometer 

Antares 

16 23 3 

-26 13 

1 2 

0 021 

Fmlay Heliometer 

7] Heroulis 

16 39 5 

4-39 7 

3 6 

0 40 

Wagnei Meridian ciicle 

5 Herculis 

17 10 9 

4-24 57 1 

3 2 

0 05 

Leavenworth Micrometer 

TT HercHlis 

17 11 6 

4-36 55 

3 4 

0 11 

Wagnei Meridian circle 

V Draconis 

17 30 2 

4-65 15 

4 9 

0 32 

Wagnei Meridian circle 

A Oe 17416 

17 37 0 1 

4-68 26 

9 0 

0 25 

Krnger Heliometei 

70 OpliiHclii 

18 0 4 

4- 2 31 

4 2 

0 158 

Kruger Heliometer 

Tega 

S 2398 

18 33 6 

-i-38 41 

0 14 

0 082 

Elkin Heliometer 

18 41 7 

4-59 29 

82 

0 35 

Lamp Differences of declin 






ation 

31 Aqmlse 

19 20 2 

4-11 44 

5 3 

0 068 

Peter Heliometer 

(T Draconis 

19 32 6 

4-69 29 

4 8 

0 175 

Peter Heliometer 

Altair 

19 45 9 

4- 8 36 

0 9 

0 281 

Elkin Heliometer 

61 Cygm 

21 2 4 

+ 38 15 

6 1 

0 37 

Mean of photographic mea 





sures 

6 Eqiiiilei 

21 9 6 

+ 9 36 

47 

0 07 

Hussey Spectroscopic 

€ Ittdi 

21 55 7 

-57 12 

4 8 

0 273 

Gill and Ell in Heliometer 

a Gruis 

22 1 9 

-47 27 

22 

0 015 

Gill Heliometer 

Kiager 60 

22 24 5 

+ 67 12 

90 

0 278 

Schlesingei Photographic 





measures 

EomalKant 

22 52 1 

-30 9 

1 3 

0 130 

Gill Heliometer 

Laeaille 9352 

22 59 4 

-36 26 

7 1 

0 283 

Gill Heliometer 

Bradley 3077 

23 8 5 

+ 56 37 

60 

0 138 

Peter Heliometei 

85 Pegasi 

23 57 0 

+ 26 33 

58 

0 054 

Brunnow Micrometei 
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TABLE VI 


List of Stabs with Proper Motions of 1 " 9 arc Upwards 


Name of Star 

E A 

1900 

Dec 

1900 

Mag 

Annual 

Motion 

Eemarks 

ZC 61^243 

h m 

5 7 7 

-45 

3 

85 

8 

7 

Discovered by Kapteyn and Irnies 

GrroombiidgelSSO 

1147 2 

+ 38 

26 

65 

7 

0 

from 0 P D plates 

Argelander s flying star 

Lacaille 9352 

22 59 4 

-36 

26 

71 

7 

0 

Distance— 11|- light years 

Cordoba 324=16 

23 59 5 

-37 

26 

82 

6 

2 

G-onld s star m Sculptor 

61 Cygni 

21 2 4 

+ 38 

15 

61 

5 

2 

Components 21 apart 

Lalande 21185 

10 57 9 

+ 36 

38 

85 

4 

8 


e Indi 

21 55 7 

-57 

12 

4 8 

4 

7 


Lalande 21268 

11 0 5 

+ 44 

2 

85 

4 

4 


O 2 Eridam 

4 10 7 

- 7 

48 

47 

4 

1 

Chief of a triple system. 

pL Cassiopeise 

116 

+ 54 

26 

5 4 

3 

8 


a Oenfcauii 

14 32 8 

-60 

25 

06 

3 

7 

Components 2‘> apart 

A Oe 14318 

15 4 7 

-15 

59 

93 

fs 

q\ 

Stars 5 apart 

A Oe 14320 
Lacaille 8760 

16 4 7 
21 11 4 

-15 

-39 

54 

15 

92 

6 8 

V 

s 

f 

4 

Identical motion 

e Endani 

3 15 9 

-43 

27 

44 

3 

1 


A Oe 11677 

11 14 8 

+ 66 

23 

9 0 

3 

0 


e EridaEi 

3 28 2 

~ 9 

48 

3 8 

3 

0 


Groombridge 34 

0 12 7 

+ 43 

27 

79 

2 

8 

Double at 4CK inteLval 

Piazzi II 123 

2 30 6 

+ 6 

25 

6 0 

2 

4 


Lalande 25372 

13 40 7 

+ 15 

26 

85 

2 

3 


Arcturus 

14 11 1 

+ 19 

42 

02 

2 

3 


S2398 

18 417 

+ 59 

29 

82 

2 

3 

Componeats 16 apart 

/3 Hydn 

0 20 5 

-65 

28 

27 

2 

2 


Lalande 7443 

3 66 5 

+ 35 

2 

86 

2 

2 


"Weisse V 692 

5 26 4 

- 3 

42 

90 

2 

2 


Bradley 3077 

23 8 5 

+ 56 

37 

60 

2 

1 


^ Tucanse 

0 14 9 

-65 

28 

4 1 

2 

0 


Lalande 15290 

7 47 2 

+ 30 

65 

82 

2 

0 


Piazzi XIV 212 

14 51 6 

-20 

58 

60 

2 

0 

Double star at IS A double 

r Ceti 

1 39 4 

-16 

1 

28 

37 

1 

95 

oceultation of the smaller coin 
ponent observed by Innes 
September 21 1904 

Lacaille 661 

2 64 

-51 

19 

65 

1 

9 


or Draconis 

19 32 6 

1-69 

29 

48 

1 

9 


Auwers A G- 0 

13 40 2 

+ 18 

20 

90 

1 

9 


4999 









25 
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TABLE VII 


Stars rt Swibt Linear Moyement 
1 RADIAL VELOCITIES 





Velocity in. miles per 


Name of Stai 

Mag 

Spectrum 

second Recession signi 
fled "by +• approach by - 

Eemarlcs 

9£>2 Ononis 

44 

Solar 

+ 62 

Measured by H M Reese 



(Lick Bulletin No Sl> 

fjc. Oassiopei8& 

54 


-61 

Campbell Astroph Joum xiii 

98 

GroomlDridge 

66 


-69 

1830 

d Cams Ma 3 oris 

42 

Antanan? 

+ 69 


8 Leporis 

39 

Solar 

+ 59 


7j Cephei 

40 


- 54 

viii 167 

e Andromedse 

45 


-62 

xin 98 

a PhcBnicis 

24 


+ 48 5 

Determined by Gill 1903 

fji Sagittam 

40 

Helium 

-48 

Campbell loo at This is one 
of the few helium stars 





known to he in rapid motion 

1 Pegasi 

42 

Probably 

solar 

Solar 

-48 

Campbell loc c^^ 

f Herculis 

30 

-44 

Belopolsky Visual binary 

61 Oygm 

6 1 


-34 5 

Total velocity re 
lative to sun = 61 miles 





(Young) 

Aldebaran 

11 


+ 34 

Vogel and Campbell 

Capella 

02 


+ 21 

H C Lord Astroph Jmim 
xxi 316 

7 Leonis 

23 


-20 

H 0 Lord Visual binary 

X Bracoms 

37 


+ 20 

Spectroscopic binary (W H 





Wright) 
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2 TAirGEirTIAL VELOCITIES 


Name of Star 

Mag 

Parallax 

Velocity 111 miles 
per second. 

Eeniarlis 

Arctmus 

02 

0 

026 

257 

Radial velocity = -4 mile? a 




econd (N ewall) 

Lalande 15290 

82 

0 

028 

206 


Grioom'bridge 

1830 

66 

0 

14 

150 

Total velocity in space 169 
miles a second 

IJL OassiopeiSB 

6 4 

0 

108 

103 


A Oo 11677 

90 

0 

10 

88 


/CYil 243 

85 

0 

312 

82 


Lacaille 2967 

60 

0 

064 

78 


Lacaille 9352 

71 

0 

288 

73 


©2 Eridani 

45 

0 

166 

72 


Groombiidge 

1822 

& Endani 

8 0 

0 

028 

71 


44 

0 

149 

61 


Lalande 21268 

85 

0 

238 

54 


S1561 

67 

0 

038 

50 


Hydn 

27 

0 

134 

49 


Bradley 3077 

6 0 

0 

138 

44 


C Tucan'e 

41 

0 

138 

43 


d TJr&ae Majoiis 

3 4 

0 

078 

41 

A 18 comes at 5 shaies 





its proper motion of 1 1 
(Bumliam) 


31 AquiH 

6 3 

0 

068 

41 


61 Cygni 

6 1 

0 

37 

41 


a G-ruis 

2 1 

0 

016 

40 

Ihis star gives nearly 600 




times the light of our sun 
Helium spectrum 



Lalande 21185 

75 

0 

351 

40 


Lalande 27298 

75 

0 

088 

36 


Lalande 18115 

75 

0 

138 

36 


Piazzi XI 212 

6 3 

0 

167 

35 


Lalande 19022 

8 1 

0 

068 

36 


Pollux 

1 2 

0 

056 

34 


K-egulus 

1 3 

0 

024 

33 


20Leouis Minoris 

5 6 

0 

068 

30 


^ Comae 

4 5 

0 

118 

29 


Gioonibridge34 

7 9 

0 

298 

28 
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AlDbe distrilDution of nebulae 357 
Aberration of light armiial 284 311 
secular 311 312 
Abipones Pleiad ancestry 216 
Abney Sir William total starlight, 7 
photographic exposures 23 
Absorption atmospheric 21 in stars 
47 50 52 57 73 136 
Adams detection of spectroscopic 
binaries 192 198 222 
Airy Sir George stellar parallax 284 
investigation of the snn s movement 
306 307 

Airy Miss discernment of twelve 
Pleiades 218 

Aithen double satellite of Eigel 195 
elements of e Hydrse ] 97 revolution 
of a nebulous binary 204 
Alcor companionship with. Mizar 201 
213 328 

Alcyone spectrum 59 modern con 
spicuousness 217 leader of the 
Pleiades 217 218 219, 222 227 
proper motion 219 220 221 actual 
brilliancy 221 adjacent nebulae 224 
225 

Aldebaran brightness 3 22 spectral 
type 41 45 colour 61 135 140 
satellite 159 parallax 297 
Alexander spiral theory of Milky Way 
343 

Algol a helium star 37 eclipses 117 
127 128 nature of system 128 130 
perturbations 129 132 parallax 

133 colour 136 

Algol variables 82 126 periods 132 
mean density 133 distribution 134 
rapid binaries 180 two fold eclipses 
191 

A1 Shfi redness of Algol 136 of a 
Hydrae 136 140 magnitude of 6 
Endani 180 brightness ot the 
Pleiades 217 notice of Andromeda 
nebula 257 

Altai! designation 2 magnitude 22 
spectrum 41 parallax 297 


America nebula photographed by Wolf 
270 vicinity drained of stars 362 

Ames hydrogen lines in solar spectrum 
44 

Anderson discoveries of temporary 
stars 90 92 fading of 6 Eridani 
180 

Andromedae y colours 145 triple 
system 195 255 

Andromeda nebula early observations 
10 267 spectrum 69 70 260 star 
blaze in 88 89 261 strnctme 258 
259 linked with the Milky Way 
259 337 constitution 260 oblique 
position 260 261 intra galactic 350 
Sol 

Antares third type spectrum 50 colour 
57 137 140 green satellite 144 
145 159 

Antarian stars 35 60 chemistry 50 
51 variability 54 non galactic 
347 370 

Anthelmus discovery of a temporary 
star 85 

Antliae S character of light change 
121 125 127 

Antoniadi view of a planetary nebula 
248 

Apex of tbe sun s way indicated by 
stellar displacements 303 304 308 
by radial velocities 310 assigned 
positions 305 306 307 308 309 

Aquilie 7} % variable spectroscopic 

binary 118 

Arse R. an eclipsing star 124 126 

Arae S a cluster variable 120 

Arcturns ancient identification 2 
magnitude 3 22 spectral type 41 
titanium absorption 45 327 affinities 
51 thermal efficacy 72 74 80 

colour 135 136 140 parallax 297 
linear velocity 326 

Argelaiider star enumerations 1 6 11 
346 identity of Tychos Nova 84 
periodicity of Mirn 101 light change 
of jS Lyrse 122 of S Cancri 130 


389 



390 


THE SYSTEM OE THE STAES 


colour of Arcturiis 136 brigMness of 
Pleione 218 determination of the 
solar apex 305 method of least 
squares 306 307 centre of solar 
orbit 313 motion of 1830 G-room 
bridge, 322 

Anetis 7 discovery as a double star 
150 slowness of revolutions 158 
171 variability 180 
Arrhenius luminosity of nebulae 280 
Atlas fluctuatmg brightness 218 pos 
sible duplicity 222 
Aurigae ^ a spectroscopic binary 189 
Aurigse e remarkable character of 
variability 105 192 
Auwers detection of Nova Scorpii 88 
orbits of Sinus and Procyon 156 
167 star parallaxes 288 291 re 
duction of Bradley s observations 307 

Bailey discovery of cluster variables 
118 their light curves 119 grouped 
in w Centauri 236 

Baily antique records of the Pleiades 
217 description of a star cluster 
235 

Ball Sir Bobert parallax of Nova 
Cygni 89 of 61 Cygni 288 search 
for large parallaxes 300 
Balmer law of hydrogen series 39 
Barlow description of a* Ononis 203 
Barnard observations of Nov£e 86 88 
95 142 of cluster variables 119 
stars within trapezium 206 nebulge 
in and around the Pleiades 226 
photographs of clusters 228 230 of 
nebulous stars 241 244 of diffused 
nebulosities 271 of a perforated 
galactic cloud 337 character of 
globular clusters 240 discovery of a 
spiral nebula 251 suggested move 
ment of ring nebula 27 6 observation 
of a variable nebula 277 parallax of 
61 Cygni 288 

Bayer nomenclature of stars 3 de 
signations 99 102 196 236 Andro 
meda nebula unnoticed by 257 
Bellatnx silicon absorption 37 un 
modified radiations 46 absence of 
iron lines from spectrum 47 
Belopolsky ’s ariable spectroscopic 
binaries 118 121 131 unseen com 
pamon of Castor 190 spectroscopic 
parallax 286 

Bessel appreciation of Bradley 12 dis 
turbed motion of Smus 156 proper 
motion of 61 Cygni 158 measures of 
the Pleiades 219 220 221 mvesti 
gations of stellar parallax 284 287 
288 289 detection of a partial 

system 329 


Betelgeux designation 2 magnitude 
22 spectrum 51 colour 57 135 
136 140 variability 109 paiallax 
297 light power 298 
Binary stars defined 152 See Double 
Stars 

Birmingham Catalogue of Ked Stars 55 
139 discovery of Nova CoronEB 85 
observations of red stars 140 141 
their agf^regation between Aquila and 
Cygnus 142 

Boeddicker delineation of Milky Way 
337 

Boltzmann validity of Stefan s Law 
72 

Bond G P relative lustre of Sirins and 
the sun 22 photography of double 
stars 165 rifts m Andromeda nebula 
2o8 259 extent of the formation 260 
texture of Orion nebula 265 catalogue 
of included stars 268 
Boraston spectral characteristics of star 
groups 371 

Boss determination of solar apex 307 
Bouillaud period of Mira 99 notice of 
Andromeda nebula 257 
Boys radiometrical experiments on star 
heat 73 

Bradley standard observations 12 307 
317 notices of double stars 160 of 
Castor 153 of 61 Cygni 154 of 7 
Arietis 158 stellar parallax 283 
284 discovery of the aberration of 
light 284 

Brahe Tycho temporary star 83 84 
record of 9 Ononis 205 brightness 
of Alcyone 217 Andromeda nebula 
Ignored by 257 stellar parallax 282 
283 

Br6dikhine parallax of Draco planetary 
247 

Brisbane magnitude of 77 Oarmae 106 
of a Centauri 153 
Bruce spectrograph 33 46 321 
Bruce telescope 24 

Brunnow parallax of Draco planetary 
247 researches in stellai parallax 
292 

Buffham dark lanes in Hercules cluster 
238 

Burchell brightening of tj Carinas 106 
Burton spectrum of Looped nebula 69 
Burnham chromatic double stars 145 
rejection of wide pairs 151 dis 
coveries 152 169 171 181 182 195 
198 203 204 movements of 61 

Cygni 165 observation of Sirian 
satellite 156 criticisms of stellar 
orbital computations 168 169 200 
quadruple stars 203 constancy in 
light of trapezium stars 205 close 
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pairs in tlie Pleiades 222 nelauloiis 
doTilile star 244 measures of Ring 
nebula 276 variable nebula 279 


Calcium in sun and stars 42 44 52 63 
55 

Campbell hydrogen lines in Mira 53 
m iu- Centauri and 7 Velorum 61 63 
hydrogen envelope of a star 64 spec 
trum of Orion nebula 68 79 spectro 

scopic binaries discovered by 121 182 
192 198 their proportionate number 
188 solar translation from stellar 
radial velocities 310 import of result 
313 swiftness of faint stars 321 
Canon S Algol variable 130 light 

curve at minimum 131 
Canon t colours 147 quaternary 
system 198 200 

Cannon Miss discussion of stellar spec 
trograms 29 ^ i-. 

Canopus magnitude 3 

44 293 insensible parallax 293 297 
real brilliancy 293 294 
Capella apparent brightness 3 7 

photometric rank 22 spectral type 
41 42 44 75 binary character M 
189 ultra violet spectrum 77 
parallax 190 211 stage of develop 
ment 212 

Carbon in sun and stars 42 51 54 00 
Carbon stars 35 character of spectra 
54 55 affinities 56 number regis 

tered 57 ^ 

Carinse X nature of light change 124 

Carinse tj spectrum 62 96 

changes 106 108 situation 269 
Carrington discernment of Pleiades 213 
Cassiopeia B 84 Nova Cassiopeiae 
Cassiopei00 7 gaseous spectrum 59 02 
87 variability of bright lines 60 
Cassiopeiee v colours 145 orbit 156 
masses and light power of components 
175 176 210 

Cassiopeije ju> Imear velocity 325 
spectral type 327 , , 4. 

Castor spectrum 41 a 

150 period of revolution 163 10/ 
distant attendant 159 197 lumi 
nosity 176 a double spectroscopic 
binary 190 spectroscopic parallax 

190 286 ^ ,, 

Celoria double annular theory of Milky 
Wav 345 star sounding 364 
Centauri B a short period vanahle 

Centauri a magnitude 3 22 sun tte 
spectrum 45 observed as a double 
star 150 orbit 153 174 lointmass 
15 i mass and luminosity of com 


ponents 175 210 speotroscopio 

parallax 187 286 annual parallax 
287 292 proper motion 8‘’2 
Centauri /u. spectrogram sbowmg bright 
lines 60 

Centauri cj variability of clustered com 
ponents 119 120 236 237 
Cephei U nature of eclipses 131 time 
inequalities 132 

Cephei 5 short period variable 82 117 
a spectroscopic binary 118 blue 
attendant 145 159 
Cepheid variables 117 118 
Ceraski variability of U Cephei 131 
Ceraski Madame discovery of variable 

Chamberlin origin of spiral nebulae 273 
Chambers catalogue of red stars 139 
Chandler catalogue of variable stars 97 
periods 99 relation to colour 114 
inequalities of Algol 129 variations 
ofYCygni 132 

Chase parallax of Algol 133 parallactic 
survey 300 

Cicero colour of Sinus 135 
Clark Alvan relative lustre of Sinus and 
the sun 22 

Clark Alvan a Bruce telescope 24 
discovery of Sirian satellite 166 stars 
withm the trapezium 206 
Clusters organic unity 215 233 mode 
ofongm 240 spectra 241 crowded 
m Milky Way 355 

Clusters globular systemic constitution 

233 235 variability of component 
stars 236 237 distribution of stars m 

234 variously organised 23o zaif 
non nebulous 240 

Clusters irregular modes of conforma 
tion 227 228 bifid and perforated 
229 230 diversified shapes 231 
evidence of mternal mobility 232 233 
nebular relations 240 241 268 359 
Cluster variables Il7 118 121 236 237 
in Orion nebula 268 
Coal sack in Milky Way 336 photo 
graphed 337 hypothesis in explana 
tion 3 47 

Cocoon nebula situated in a star lacuna 

353 

Colours photographic effects 26 of 

temporary stars 84 86 87 93 95 
141 142 of lucid stars 135 136 188 
140 of double stars 143 146 160 
alleged changes 147 148 of nebuls 
249 264 

Comas Soli variability of trapezium 

ComXu^^pbotograpbs of “eb^® |8 

31 89 262 nebulse in the Pleiades 
224 
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Comparison spectra use of 17 29 36 
186 

Comstock relative masses of 85 Pegasi 
175 linear velocity of faint stars 
321 

Copeland spectrum of 7 Veloriim 63 
kelinm m Orion nebula 67 spectrum 
of Nova Cygni 87 map of adjacent 
stars 88 spectrum of Nova Andro 
medse 90 observations of red stars 
140 of stellar nebnlEe 246 
Copernicus experiments in stellar 
parallax 282 

Cornu bydrogen spectrum 38 spectrum 
of Nova Cygm 88 
Coronas T 86 jSee Nova Coronae 
Crommelin immobility of a star 330 
Crucis a magnitude 22 duplicity 160 
fixity of components 158 171 dis 
taut attendant 159 corona of faint 
stars 347 

Crucis ^ an oxygen star 37 insensible 
parallax 297 

Crucis K central m jevelled cluster 232 
Curtis spectroscopic detection of an 
attendant on Castor 190 
Cygni, P bnglit line spectrum 62 96 
109 triple increase of ligkt 85 218 
Cygni UZ an Algol variable 132 133 
Cygni Y duplicate eclipses 132 191 
Cygni a character of spectrum 48 46 
insensible parallax 297 
Cygni contrasted tints 145 spectra 
of components 148 149 discovery as 
a pair 160 physical connection 159 
variability in light 182 
Cygni X spectrum 53 104 light 

changes 102 103 112 
Cygm 61 detection as a pair 150 
proper motion 154 158 322 orbital 
relations 165 parallax 287 288 298 
luminosity 289 

Darquier discovery of Eing nebula 250 
D Arrest observation of a red star 141 
conformation of gold dust cluster 
228 spectrum of a nebula 245 
proper motion of Praco planetaiy^ 
24/ variable nebulae 277 278 279 
Parwm figures of equilibrium 125 209 
earth moon system 208 212 
Pavis photographic parallax of 61 
Cygni 288 

Pawes double occultation of Antares 
144 colours of double stars 147 
148 observation of 44 Bootis 179 
Pembowski colours of double stars 147 
148 observations of pairs variable in 
light 180 181 

Pemocntus stellar constitution of the 
Milky Way 333 


Penning number of Pleiades seen by 
218 

Beslandres double slit photography 42 
structure of fiuted spectra 50 6 

Ononis a spectroscopic binary 181 
photograph of bi annular planetary 
249 theory of spiral nebulae 273 
luminosity of nebulae 280 
Be Thou star map showing Andromeda 
nebula 267 

Dewar Sir James luminosity at low 
temperatures 281 

Distance ratio of the stars 295 296 
Distances of variable stars 133 134 of 
the Pleiades 221 of clusters 238 
239 of nebula 247 260 356 of 
stars 282 301 of the Milky Way 346 
Distribution of stars in general 19 26 
363 365 367 369 371 of helium 

and Sirian stars 37 347 370 of 
red stars 56 142 of gaseous stars 
64 of nebulte and clusters 65 352 
357 358 359 of temporary and 

variable stars 83 90 134 
Doberck computation of stellar orbits 
167 168 169 179 190 
Dollen principles of parallax determina 
tion 292 

Donner photographic parallax suney 
300 

Doppler refrangihility of light altered by 
motion 185 

Donble stars colours 143 146 159 160 
chromatic variability 146 148 early 
recognitions 150 definition 151 
dual systems 152 168 160 invisible 
attendants 156 prospective research 
161 measurements 162 computa 
tions 163 165 photographic records 
165 167 oibital relations 167 171 
173 174 masses 170 175 lumm 
osity 176 eccentricity of paths 177 
209 variability in light 178 184 
evolution 209 211 proper motions 
822 

Double nebulae numerous occurrence 
254 varieties 255 relative fixity 
276 

Downing movements of the Hyades 327 
Draco planetary nebula msensible paral 
lax 247 helical conformation 248 
250 radial velocity 275 
Draper catalogue of stellar spectra 24 
Dreyer observation of Y Hydrae 140 
alleged changes in nebulse 276 278 
Dumb bell nebula indeterminate charac 
ter 255 analogous objects 256 351 
Dun dr drawmgs of fourth type spectra 
54 inequalities of Y Cygm 132 
observations of red stars 140 141 
of double stars 179 182 



IITDEX 


393 


Dunlop olDservatious of douHe stars 
153 158 

Durclxmiisteniiig Bonn 6 7 11 86 
photometric 21 Cape Photographic 
26 126 322 362 365 
Dyson and Thackeray determination of 
the sun s apex from Sman and solar 
stars 308 


Easton I'sophotal curves in Milky Way 1 
337 spiral galaxy 344 346 relation 
of hright stars to galactic structures 1 
346 nebular distribution 354 
Ebarhard spectrographio study of % 
Cygni 54 movements -within Orion 
nebula 69 binary nature of e Ann 
gse 105 

Eberhard and Hartmann origin of spark 
spectrum 76 

Ebert anomalous dispersion in stellar 
atmospheres 62 

Eccentricity of stellar orbits 170 173 
177 178 195 evolutionary signifi 
cance 209 

Eclipses of variable stars 118 123 120 
133 duplicate 125 132 
Edison experiments on stellar heat 73 
Electra fluctuating brightness 218 real 
splendoui 221 nebulous connections 

224 

Electrical conditions m stellar atmo 
spheres 41 47 48 76 76 78 indi 
cated by banded spectra 49 m 
nebulai 79 280 
Elements of stellar orbits 170 
Elkin heliometer employed by 16 294 
measurements of the Pleiades 220 
221 pai allaxes of southern stars 292 

293 297 of 1101 them stars 294 297 
298 mean parallax 296 307 | 

Ellermann cyanogen flutings in Antarian 
stars 51 spectrographio investigation 
of carbon stars 56 
Elliptical nebulae 243 257 

ing 254 260 examples 257 261 
rifted 261 262 

Engelmann Hova Andromedse oy 
colour of d Cygni 148 
Enhanced lines 41 47 ^ 

Equatoreal telescope described 
Equiilei 5 peiiod of revolution 168 

spectroscopic parallax 169 lot 

ecoeutiioity of otbit 177 opted 
companion 201 
Lquulei e tuple system 197 
Pridani o mass and luminosity 175 
176 triple system 196 rapid motion 
293 

Espin detection of carbon stars 57 
pectmm of x 

period of 63 Cygni 108 variability 


of a red star 110 of TJ Puppis 181 
Birmingham s Bed Stars 139 red 
stars in Perseus cluster 232 
Evershed titanium in solar prominences 

45 

Evolution of stars 36 37 40 41 46 4/ 

51 56 conditioned by temperature 

77 78 of stellar systems 208 214 
of star clusters 226 240 267 
Extinctions method of 20 


Fabricius discovery of Mira Ceti 99 
Falb shape of the visible universe 374 
Fallo-ws magnitude of 77 CarinEe 106 
Farley colour of E Cepbei 110 
Fenet map of stars in Messier 11 230 
FeuilUe observation of a Centauri 166 
Finlay magnitude of tj Caiinse 107 
Fizeau motion shifts of spectral lines 

Flammanon colours of 70 Ophiuchi 
147 variability of 7 Arietis 180 
anomalous movement of f Canon 
199 star system in Cygnus ^29 
Flamsteed star designations 196 201 
aberrational shifting of the pole star 
283 284 , ^ 

Fleming Mrs spectrographio discoveries 

29 52 57 62 64 of No\ 0 e 90 92 
of an eclipsing star 132 
Flint researches m stellai parallax oOU 
Fomalhaut spectrum 4l perspective 
movement 304 

lowler titanium flutings in Antarian 

Fiaul s. colours of 70 Opbiuclii 147 
Fianz parallax of Nova Andromedse 
89 

Fraunhofer objective prism 28 in 
strumental refinements 286 Konigs 
berg heliometer 289 
Frost fopectrogram of Nova Q-eminorum 
95 helium stars as close binaries 
189 radial motion of t Canon 200 
Frost and Adams spectrogram of 
Arctnrus 45 spectroscopic com 
ponent of 9 Ononis 264 lovr 
velocities of helium stars 321 

Galileo observation of hfova Serpentarii 
84 stellar parallax 282 composition 
of the Milky Way 333 341 
Gaseous stars triple spectra 58 
recognitions 59 spectral variability 
60 nature of atmospheres 61 
effects in of dispersion and anomalous 
refraction 6162 prismatic sweeps 
for 64 

Geminid variables 117 121 125 126 
Gemmorum i* a spectroscopic binary 
r 121 disturbance of motion curve 
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Gremmoram t] long period variable and 
spectroscopic binary 181 182 192 

197 

Grill Sir David pbotograpliic registra 
tion of stars 6 tlie sun s stellar 
magnitude 22 a model solar star 
45 spectrum of 07 Cannae 62 109 
spectrogram of a Pbcenicis 186 
photograph, of 4=7 Toucani 237 ein 
ployment of the heliometer 289 
parallaxes of southern stars 292 294 
297 average parallax 294 rotation 
of bright stars 331 
Grilliss colour of vj Cannae 107 
Grlasenapp computation of stellar orbits 
167 

Groldschmidt nebulous condition of 
Pleiades 224 

Groodncke variability of ^ Lyrae 122 
eclipse theoiy of Algol 127 
Grore tbe sun s stellar magnitude 22 
stellar orbits 167 182 aspect of 

85 Pegasi 171 mass brightness of 
binaries 176 estimated number of 
tbe stars 368 365 

Grothard spectrum of 7 Cassiopeise 60 
photonraphs of nebulse 250 253 
Gould Uranometrj 1 variability of 
R ITormse 104 observations of red 
stars 140 141 photographic measure 
ment of the Pleiades 219 swift 
southern stars 322 superposed 
galaxies 347 belt of bright stars 
366 

Groombndge circumpolar catalooue 
308 317 

Groombndge 1830 proper motion 322 
a runaway star 325 spectral type 
327 

Gully record of Nova Andromedse 89 
Guthnick periodicity of Mira lOO 101 

Hahn central star in ring nebula 251 
Hale double slit method m solar photo 
graphy 42 solar floceuh 43 cyano 
gen in Antarian stars 51 spectro 
graphic mvestigation of carbon stars 
55 their afiinities 56 reversals in 
metallic spectra 69 

Hall A parallax of Nova Andromedse 
89 catalogue of stars in Prsesepe 238 
Hall Maxwell spread of Merope nehula 
224 elements of sidereal system 368 
369 

Halley observations of nehulse 10 of 
clusters 230 239 magnitude of t) 
Carina 106 

Harding bright and faint sections of 
ring nebula 2o0 

Hartwig outburst of Nova Andromedse 
89 eclipses of UZ Cygni 132 


Harvard Photometries 21 spectro 
graphic surveys 28 29 
Heis stai enumeration 1 high and low 
maxima of Mira 100 
Helical nebnla 248 

Heliometer Yale College 220 294 800 
adaptation to parallactic measures 
289 298 Konigsberg 289 291 

Cape 293 

Helium a terrestrial element 86 ah 
sorption in stars 37 47 emission 
58 variable bright line 60 low 
refractive power 62 present in 
nebulae 67 

Helium stars recent discrimination 36 
nebnlar affinities 36 45 68 270 
absorptive features 37 galactic con 
densation 37 347 enhanced spectral 
lines 47 emissive spectra 58 60 as 
temporary apparitions 96 as eclipse 
variables 133 as spectroscopic binaries 
189 remoteness 299 320 small 

linear velocities 321 galactic con 
densation 347 

Helmert catalogue of stars in M 11 230 
Henderson parallax ol a Centauri 287 
Henry Paul and Prosper photographic 
telescope 25 photography of double 
stars 166 of the Pleiades 219 
discovery of Pleiades nebulae 224 
Hercules cluster in central condensa 
tion 284 distribution and number of 
components 238 239 surmised dis 
tance 240 spectrum 241 
Herculis a fluted spectrum 62 
variability m light 109 green com 
pamon 145 176 their common 

proper motion 159 spurious parallax 
292 

Herculis 95 colour change 147 a 
physical pair 159 relative fixity 
171 

Herschel Caroline attendant to Andro 
meda nebula 258 259 
Herschel Sir John stellar nomenclature 
1 outburst of 7) Cannse 107 redness 
of stars 137 143 colours of 7 Leonis 
146 of 95 Herculis 147 disturbed 
motiou of 70 Ophmchi 155 re 
volutions of ^ Cancri 199 nebulous 
double stars 204 detection of sixth 
trapezium star 205 conformation of 
clusters 229 231 235 237 de 

scnptions of clusters 230 236 

measurement of jewelled cluster 232 
number and dynamical condition of 
globular clusters 233 235 varieties 
of nehulsp 245 249 251 262 261 
262 satellite stars 250 276 Whirl 
pool nebula 253 double nebulse 
264 dumb bell 255 aspect of 
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Orion neliula 264 nebula m Argo 
268 279 Omega nebula 269 light 
change in nebulae 278 280 stellar 1 

parallax 288 systematic movements 1 

of stars 331 the Milky Way m 
Argo 335 galactic structure 336 ] 

338 339 342 nebular distribution 
363 galactic relations of a cluster 
359 number of the stars 362 belt 
of bright stars 366 

Herschel Sir William observations of 
nebulee 11 planetary nebulae 65 
245 249 maximum of Mira 99 
variability of a Herculis 109 colours 
of stars 137 143 145 146 147 
discoveiies of double stars 151 169 
196 197 198 period of Castor 167 
magnitudes of 44 Bootis 179 double 
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Perseus 231 components of Her 
cules clnster 239 nebulous stars 
243 244 245 ring nebulae 252 

diffused nebulosities 267 270 Omega 
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140 observations of effete Novae 84 
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colours of double stars 144 stellar 
group in trifid nehnla 20/ helical 
nebula 248 structure of Saturn 
nebula 260 stars in Orion nebula 
268 type curve of nebulae 274 
nebulous effects m Milky Way 339 
star patterns 372 

Plolwarda light change of Mira 99 
Hooke twinkling of stars 4 duplicity 
ofyArietis 150 observation of fifth 


trapezium star 205 count of the 
Pleiades 218 

Hough q_nateruary stellar systems 203 

Houzeau visual enumeration of stars 1 
study of galactic luminosity 337 

Huggins Lady artificial star patterns 
372 

Huggins Sir William measurement of 
radial motion 18 29 186 use of 
dry plates 23 faintness of nebnlse 
27 spectrographic methods 29 dis 
covery of hydrogen series in wkite 
stars 38 39 40 spectrogram of 

Aldeharan 45 spectra of Andromeda 
nebula 70 of Nova Coronse 85 of 
Nova Andromedse 90 of Hercules 
cluster 241 of Draco planetary, 
247 expeiiments on stellar heat 72 
invention of retiectmg slit 148 
Huggins Sir William and Lady Atlas of 
Stellar Spectra 29 calcium in the 
sun 44 76 determination of chief 
nebular line 65 spectra of Orion 
and Andromeda nebnlse 67 260 264 
ultra violet stellar spectra 7 7 spectro 
grams of § Cygni 149 spectioscopic 
component of 6 Ononis 206 evolii 
tionary effects of gravity 211 
Humboldt first view of 47 Toucani 237 
Hussey period and mass of 6 Eqnulei 
168 169 elements of the system 
177 spectroscopic parallax 187 286 
Huygens observation of 6 Ononis 150 
delineation of Orion nebula 264 
Hyades dissection mto drifting groups 
327 reached by a galactic side stream 

337 

Hydrogen absorptive action m stars 
36 37 38 40 41 42 43 44 47 56 
in the snn 44 cosmic 37 39 47 
63 rhythmical spectral series 38 39 
emission in variables 52 63 79 102 
104 in helium stars 69 60 61 m 
Wolf Rayet stars 63 in nebnlse 66 
67 79 m Novee 85 87 91 95 109 
low refractivity 62 

Innes investigation of variable stars 
104 105 120 125 detection of 

quaternary systems 202 203 330 
variability of a nebula 279 a swiftly 
moving star 322 

Iron absorption in sun 47 m Antanan 
and carbon stars 52 55 emission in 
Mira Ceti 53 

Irregular nebulae 243 257 270 

capricious forms 262 264 269 

Jacob movements of 61 Cygni 155 

L I spurious parallax of a Herculis 292 



396 


THE SYSTEM 

Tacoby, pbotograpliic comparisons of tlie 
Pleiades 219 

Janssen double slit method m photo 
graphy 42 

Johnson magmtude of tj Cannse 106 

Kaiser colour change of Arcturus 136 
Kapteyn quality of galactic stars 26 
nebulosity round Nova Persei 94 
detection of variable stars 126 
meridian observations for stellar 
parallax 298 parallax and magni 
tude 299 treatment of proper 
motions 308 323 solar velocity 
309 distances and proper motions 
320 321 a swift star 322 mean 
stellar velocity 324 solar cluster 
367 

Kayser wave lengths of hydro «mn lines 
39 

Kazwini description of the Pleiades 218 
Keeler photographic nebular survey 11 
photographs of nebulae 31 their 
chief spectral line 65 their electrical 
glow 79 prevalent spirality 254 
344 their radial movements 275 
photograph of Hind s nebula 277 
Kelvin Lord gravitative power of the 
sidereal world 325 

Kepler star of 1604 83 84 distance 
of the stars 282 285 
Key hole Nebula the matrix of t) Carina 
106 209 conformation 268 269 

seeming change 279 
Kirch variability of x Cygni 102 
observation of M 11 229 
KirchhofiTs Law 61 

Klein chromatic period of a Ursse 
Majoris 136 shape of sidereal world 
374 

Khnkerfues stellar variability 111 
Knorre colour perception 137 
Knott variability of U Cygm 183 
Konloly spectral fluctuations of y 
Cassiopeias 60 

Koveshgethy colour change of a Ursse 
Majoris 136 

Kruger catalogue of red stars 139 
parallaxes of rapidly moving stars 


Lacaille southern nebulae 10 magni 
tude of 7f Cannae 106 of a Centauri 
153 star catalogue 317 
Lalande hst of red stars 138 notice 
of the Draco planetary 247 stars 
observed by 317 
Lambert Milky Way 331 
Lane law of coolmg for gaseous bodies 77 
Langenbach temperature relations of 
line spectra 79 


OF THE STAES 

Langley multiple star m tnfid nebula 
207 

Laplace dark stars 156 
Lassell cluster in Gemini 228 observa 
tions of nebuljB 246 249 268 
Lau and Wirtz colour change of a Ursse 
Majoris 136 

Least squares principle of 305 306 
Leavitt Miss detection of variable stars 
97 268 356 

Le Gentil attendant to Andromeda 
nebula 258 

Leowitz apocryphal apparitions of Nova 
Cassiopeise 84 

Lewis relative masses of binary stars 
175 

Light equation in stellar orbits 129 285 
Light pressure effect on Nova Persei 95 
Light ratio defined 19 
Lmdauer observation of Nova Cassiopeise 
84 

Liveing and Dewar temperature of electric 
sparl 76 

Lockyer Sir Norman helium in stars 
36 enhanced lines 41 76 Antarian 
stars 50 nebulai spectrum 65 

ultra violet stellar spectra 75 

temperatures of the stars 78 van 
ables regarded as binaries 111 184 
constitution of Andromeda nebula 
260 cometary afiSnities of nebulje 
272 

Loewy estimated number of charted 
stars 363 

Lohse J G map of stars near Nova 
Cygm 88 

Lohse 0 elements of Sirian system 156 
investigation of cluster in Perseus 232 
Loomis period attributed to w Carmse 
107 

Looped nebula spectrum 69 263 

aspect 262 263 

Ludendorff periodicity of e Aurigse 105 
193 

Lunt spectrogram of a Phoenicis 186 
Lyrae ^ variable bnght Imes in spectium 
59 60 87 light change 82 116 
122 123 125 analogous objects 123 
Lyrae e quadruple star 201 202 origin 


McClean distribution of helium stars 
36 oxygen in stars 37 64 spectro 
graphic apparatus 109 
Madler disturbed circulation of 70 
Ophiuchi 155 hypothetical parallax 
172 

Maestlm observation of Nova Serpen 
tarn 84 discernment of Pleiades 218 
Magellanic clouds Wolf Rayet stars col 
lected in 64 variable stars 119 134 



INDEX 


397 


356 systemic unitj 351 352 367 
aebiilar coniaections 363 conditions 
of aggregation 356 origin 358 
Magnesium, a constituent of stars 38 10 
52 60 green fluting of 65 
Magnitude of stars 2 3 19 22 
Maia magnitude 218 real bnllianey 
221 spectroscopic satellite 222 
attaclied nebulse 224 225 252 
Main parallax of 61 Cygni 288 solar 
apex 307 

Mariotte blue stars 143 
Marins first telescopic observation of 
Andromeda nebula 257 
Markwick maxima of Mira Ceti 100 
Mason and Smith observations of the 
trifid nebula, 280 
Mass brightness of binaries 176 
Masses of binary stars how determined 
170 results obtained 171 172 rela 
tive 172 175 conditions of ascertain 
meat for spectroscopic pairs 190 191 
Maunder galactic clustering 336 
Maiirolycus observations of Nova Cassio 
peise 84 

Maury Miss discussion of stellar spec 
trograms 29 evolutionary series 37 
composite spectra 148 spectroscopic 
duplicity of ]3 Auriga 189 
Mayer C colours of double stars 143 
detection of stellar couples 150 168 
195 202 

Mayer Tobias division of f Oancri 198 
Meadows parallax of a Centann 287 
Meridian photometer principle of 20 
Merope magnitude 218 adjacent 
nebnl® 223 224 225 226 255 
Messier observations of nebulae 10 261 
269 

Meteontic hypothesis 65 111 184 
Micbell red stars 138 number of the 
Pleiades 218 
Micrometer described 15 
Milky Way a collection of star groups 
9 340 841 351 quality of light 26 
347 concentration in of helium stars 
37 347 of carbon stars 56 of 

Wolf Eayet stars 64 of gaseous 
nebulae 65 356 358 359 of tern 
poxary stars 83 90 of short period 
variables 133 134 of clusters 228 
231 355 58 359 unrelated to double 
star orbits 177 prolonged towards 
great nebulae 259 359 structure 
268 335 338 373 influence upon sun s 
course 312 313 upon stellar proper 
motions 331 332 aspect 333 folk 
lore 334 track across the sky 334 
335 delineations 337 irresolvability 
338 339 stratum theory 339 341 flat 
ring theory 342 spiral theories 


343 344 348 compound formation 

345 347 distance 346 relation to 
nebular distribution 353 357 star 
density m 364 365 369 370 
Minchin measurement of stellar heat 73 
Mira Ceti hydrogen lines bright m 52 
102 spectrograpliic investigations 

53 54 102 a typical variable 82 

99 periodicity 99 102 112 proper 
motion 133 183 

Mitchel division of p Scorpii 202 
Mitchell spectrum of Sinus 38 
Mizar tirsse Majons) the leader of 

Alcor 201 213 328 
Monel mass brightness of binaries 175 
remoteness of white stars 299 
Montigny scintillation of the stars 4 6 
Muller and Kempf photometric observa 
tions 21 

Multiple stars varieties of combination 
194 195 197 213 invisible compon 
ents 197 200 perspective attendants 
201 q[naternary groups 201 203 
214 nebulous relationships 204 207 
evolution 208 214 

Mebulde early observations 10 257 
number 11 254 association with 
helium stars 36 46 gaseous spec 

trnm 65 67 245 247 256 272 
continuous 67 70 253 281 strati 
ficatiou 68 species 69 243 tern 
peratiire 79 280 281 structure 242 
246 254 281 344 colour 249 

264 cometary affinities 272 274 27b 
seeming immobility 275 276 radial 
velocities 275 358 variability in 

light 277 280 tenuity 280 mtra 
galactic status 349 352 353, 355 
stellar relations 350 352 353 359 
distribution 353 367 359 variety m 
constitution 357 

Nebulae in the Pleiades 223 226 forms 
274 drift through space, 275 
Nehuhum a gaseous constituent of 
nebulae 65 68 245 spectrum 66 
67 emission by temporary stars 87 
92 

Nebnlosity round Nova Persei 93 95 
241 about the Pleiades 226 diffused 
270 271 

Nebulous stars first notice of 243 
affinities 244 

Newall spectrum of Nova Geiamorum 
95 

Newcomb total light of the stars 7 
nature of the nebulosity round Nova 
Persei 95 complexity of stellar 

systems 199 proper motion of 
Alcyone 219 investigation of solar 
motion 309 average stellar velocities 



398 


THE SYSTEM OF THE STABS 


321 324 runaway stellar speed 325 
star drift in Ursa Major 328 medial 
line of tlie Milky Way 334 parallax 
of galactic stars 346 range of galactic 
magnitudes 347 distribution of stars 
365 369 

Newton s law universal validity 170 
Nichols heat of the stars 73 74 
Noel observation of t] Cannae 106 red 
ness of 7 Crucis 140 
Nova Andromedae outburst 88 261 
spectrum 89 90 colour 142 intra 
galactic situation 350 351 
Nova Aurigae spectral relationships 62 
91 109 discovery 90 nebular 

transformation 91 92 
Nova Cassiopeiae 83 84 colour change 
141 

Nova Centauri 90 

Nova Coronae 85 86 colour change 141 
Nova Cygni 86 88 colour change 142 
Nova Geminorum 95 colour 142 
Nova Persei luminous fluctuations 92 
93 connected nebulosity 93 95 
colour changes 142 

Gibers period of % Cygni 103 
Omega nebula piecemeal discernment 
269 photograph 270 suspected 
luminous changes 279 
Ophiuchi 70 colour change 147 per 
turbed revolution 155 masses and 
light power of components 175 176 
210 

Orbits of binary stars apparent 163 165 
167 actual 163 number computed 
167 169 methods of determining 
dimensions 168 elements 170 note 
relative and separate of components 
173 174 eccentricity 177 
Orion nebula isophotal contours 27 
photographs 28 265 267 spectrum 
65 67 68 mternal movements 69 
276 variable stars in 134 268 

Fish mouth aspect 242 floccu 
lent texture 264 plan of structure 
265 266 a developmg cluster 267 
350 recession from the sun 275 
steadfast light 279 galactic con 
nections 337 359 paucity of sur 
rounding stars 352 
Orion stars 36 See Helium stars 
Ononis € spectrum 36 37 40 
Ononis 6 early spectral type 37 68 
shifting bright Imes 67 68 multiple 
character 150 relation to surround 
mg nebula 205 264 successive 

detection of components 205 206 
genetic affinities 213 
Ononis cr multiple star 148 203 
Orthochromatic plates 28 30 50 


Osthoff redness of stars 100 
Oxford Uranometry 20 
Oxygen in stars 37 47 64 68 in the 
sun 42 19 

Palmei spectrogram of Nova Cygni 87 
spectioscopic parallax of a Centauri 
187 binary character of k Pavonis 
192 components of Hercules cluster 
238 239 nebular spectrum 281 
Parallax annual mode of determination 
14 15 28b 287 ihotographic 30 
298 300 of Novrn 89 94 ot variable 
stars 133 spectroscopic 169 187 
190 285 286 hypothetical of binaries 
172 of the Pleiades 221 of a nebula 
247 smallness 282 associated efltects 
283 284 by light equation in stellar 
oihits 285 results of measurements 
287 300 of galactic stars 346 
Parallax secular 303 
Pegasi 85 relative masses of com 
ponents 176 optical attendant 201 
Pegasi K period 169 spectroscopic 
and visual system 201 
Pegasi U analogy with /3 Lyras 123 
Pernter scintillation of Sinus 5 
Pernne spectiogram of Nova Aurigae 
92 spectrum and nebula of Nova 
Persei 93 

Perseus double cluster in 231 232 
assumed centre of sun s orbit 313 
galactic relationship 368 
Personal equation dehned 14 in double 
star measurement 165 
Peters CAP stellar parallax 290 294 
Phoenicis a radial velocity 186 
Photographic plates 23 28 30 50 55 
telescopes 24 25 30 31 International 
chart 26 363 irradiation 25 stellar 
magnitudes 26 catalogues 362 364 
365 star gauging 363 
Photographs of nebul-e 28 31 93 94 
224 226 251 253 256 259 260 263 
265 267 269 270 271 277 of 

stellar spectra 29 40 41 42 43 44 
45 62 63 54 60 63 186 of nebular 
spectra 67 70 260 of double stars 
165 167 of the Pleiades 219 224 
226 of various clusters 228 230 
232 236 241 of nebulous stars 

241 244 in the Milky Way 337 
347 

Photography employment m sidereal re 
search 22 26 31 33 photometric 

25 27 spectroscopic 28 29 radial 
motion determined by 29 186 323 
discoveries by 29 33 52 90 92 93 94 
97 236 268 stellar parallax by 30 
298 299 rapidity and versatility 
32 investigation by of nebulous 



INDEX 


399 


relationships. 207 224 242 250 251 
254 266 267 

Photometer polarising 20 -wedge 20 
Photometry stellar aim and scope 19 
methods 20 res-ults 21 22 photo 
graphic 25 27 nehnlar 27 
Photosphere an essential feature of sun 
like bodies 34 
Piazzi star catalogue 317 
Pickering E C Harvard photometry 
20 atmospheric absorption 21 sun s 
stellar magnitude 22 sidereal photo 
graphy 24 distribution of the stars 
25 m the Milky Way 369 370 stellar 
spectrograms 36 63 discovery of 

cosmic hydrogen 37 39 66 sweeps 
for gaseous stars 64 66 246 classifi 
cation of variables 82 109 116 126 
detection of spectroscopic hmaries 
123 189 investigation of Algol s 

eclipses 127 128 colours of 95 
Herculis 147 muss brightness of 
binaries 176 201 the lost Pleiad 
218 paucity of true Pleiades 220 
their spectra 223 counts of stars 
in globular clusters 234 status of 
Looped nebula 263 photographic 
catalogue 364 365 

Pickering W H nebular photometry 
27 photographic disclosure of great 
Snake nebula 267 
Pictor flying star m 322 
Pigott discovery of B Corouse 109 
Planck Stefan s law of radiation 72 
Planetary nehulse spectrum 65 66 
structure 66 246 256 274 desig 
nated by Herschel 245 specimeus 
247 250 insensible parallax, 247 
300 radial velocities 275 
Plassmann tidal theory of stellar varia 
bihty 111 secondary minimum of A 
Tauri 131 irregularities of U Cephei 
132 galactic inquiries 345 
Pleiades mythological fame 216 217 
number visible 218 common move 
ment 219 220 scale of system 221 
222 nebulous condition 223 226 
350 a typical irregular cluster ‘^27 
267 forms of included nebulae 274 
connection with the Milky Way 337 
Pleione bright line spectrum 59 the 
lost Pleiad 218 

Plummer estimates of star light 7 
observations of Hova Cassiopeise 84 
Pogson observation of Nova Scorpn 88 
periodicity of K Cepbei 108 110 
Poincar4 figures of rotating masses 209 
Pole star the cynosure 2 magnitude 
3 22 standard biightness 20 spec 
trum 41 aberrational displacements 
283 284 


Pond stellar parallax 283 284 secular 
aberration 311 

Position angle of coupled stars 163 
Praesepe measures of component stars 
233 

Piey relative masses of bmary stars 175 
Pritchard photometric investigations 
20 stellar paiallax by photograpliy 
30 298 survey of the Pleiades 220 
Proctor star drift 327 328 theory of 
Milky Way 343 stellar outbursts in 
nebulae 350 nebular distribution 
353 354 star streams 872 
Procyon magnitude 22 spectral type 
41 293 satellite 157 luminosity 
158 175 parallax 297 proper 

motion 322 

Proper motions defined 14 316 of van 
ahles 133 of double stars 154 158 
160 174 322 disturbed 156 157 
158 of the Pleiades 219 220 a 
criterion of vicinity 290 291 317 318 
common perspective element 304 
308 322 ^3 non methodical ckar 
acter 305 314 315 ascertainment 
307 308 316 317 anomalies 318 

320 variation with spectral type 

321 swiftest known 322 uncon 
trollable rates 324 327 concerted, 
327 330 surmised harmonies 831 
332 

Ptolemy star magnitudes 2 nebulosse 
10 ignored 97 Carinse 106 magnitude 
of 6 Eridani 180 Pleiad quartette 
217 

Puppis IT variable double star 181 
Puppis Y supposed eclipses 123 
Puppis ^ cosmic hydrogen lines in 
spectrum 39 

Radau form of sidereal universe 372 
Radial motion of stars spectroscopically 
determined 18 185186 variable 
66 121 128 187 192 of Novae 91 
93 in bmary orbits 285 indicative 
of solar translation 310 of nebulae 
275 358 

Radio activity cosmical effects 80 
Rancken galactic rotation of stars 332 
Ranyard structures in Orion nebula 266 
266 tenuity of nebulae 280 com 
position of galactic clusters 347 
Red stars spectral varieties 49 strong 
self absorption 50 52 67 140 

catalogues 55 138 139 variability 
m light 110 140 lu colour 141 
examples 140 distiibutiou 142 
occurrence in pairs 160 in Perseus 
cluster 232 in galactic groupings 
371 

Reflecting telescopes advantages and 



400 


THE SYSTEM OE THE STARS 


drawbacks 30 31 effects on. stai 
colours 138 

Eeguliis ma Hitude 3 satellite 145 
159 

Bespiglii prismatic effects of scintilla 
tion 5 spectrum of y Veloram 63 
Eiccioli division, of ^ TJrsse Majoris 150 
Eichaud first observation of a Oentauri 
150 

Eigel designation 2 typical belraia 
star 37 spectrum unaffected by iron 
absorption 47 extent of ultra violet 
radiations 75 blue attendant 145 
1S5 parallax 297 

Eing nebula spectrum 67 spiral con 
formation 250 251 256 analogous 
objects 251 252 256 suspected move 
ment 276 

Eitcbey nebula pbotographs 31 260 
expansion of Nova Persei nebula 94 
Roberts A "W stellar eclipses 123 
126 mean density of Algol stars 
133 centre of gravity of a Centauri 
174 periodicity of k Pavoms 192 
Roberts Isaac multiple exposures 23 
pbotographs of nebulas 31 253 256 
259 261 262 266 266 270 of tbe 
Pleiades 224 of various clusters 
230 *^32 *^38 241 of a nebulous 
star 244 of diffused nebulosities 
271 arrangement of stars in clusters 
229 231 vaiiable stars in Orion 
nebula 268 

Rosse third Earl colour of a star 141 
structure of star clusters 228 230 
235 238 ansse of Saturn nebula 250 
Rosse fourth Earl double nebula 254 
Russell H C measurement of cluster 
about K Crucis 232 change m Key 
hole nebula 279 photograph of the 
Coal sack 337 of stars in Crux 347 
Russell H N tenuity of Algol variables 
133 

Rutherfurd photographs of the Pleiades 
219 of Praesepe 233 
Rydberg principal series of hydrogen in 
stellar spectra 37 63 

Sadler double satellite of Rigel 195 
Safarik identity of Nova Cassiopeiae 
84 fluctuations of red stars 110 
uncertainties in colour perception 137 
Safford satellite of Sinus 156 texture 
of Orion nebula 265 
Saturn nebula colour 249 ansae 250 
radial velocity 275 

Savary first computation of a stellar 
orbit 169 parallaxes of binary stars 
285 

Sawyer mminum of E Coronae 110 
Schaeberle discovery of Procyon s com 


panion 157 helical nehula 248 
photocraphs of Ring and Dumb hell 
nebulae 261 256 

Schemei spectrum of Capella 44 
rationale of bright line stellar spectra 
61 spectrogram of Andromeda nebula 
70 260 

Schiaparelli duplicity of e Hydrse 197 
Merope nebula 224 

Schjellerup catalogue of red stars 55 
139 140 observation of a colour 
variable 141 

Schlesmger parallaxes of faint stars 
299 

Schmidt discovery of Nova Cy»*ni 86 
redness and periods of variable stars 
114 minimum of S Cancri 130 
colour of Algol 136 history of Y 
Virginia 181 iiebnlar variability 279 
Schonfeld record of T Coronse 86 
colour of R Cephei 110 observations 
of S Cancri 130 variable nebula 
278 common diift of a star pair 
329 proper motions referred to tbo 
Milky Way 330 

Schuler notice of Tycho s star 84 
Schur fixity of stars in Prsesepe 233 
parallax of a comparison star 330 
Schuster dispersion hypothesis of stellar 
bright lines 61 

Schwab periodicity of Mira 101 
Scintillation of white and red stars 3 6 
of Novae 4 84 
Scintillometer 4 

Scorpii V a quaternary system 202 
Scorpn ^ a triple system 197 com 
plex mechanism 213 
Searle nebulosity about Alcyone 224 
Secchi objective prism 28 stellar 
types 35 36 49 carbon stars 64 
56 67 gaseous stars 59 star 

colours 141 143 147 148 vacuity 
m a cluster 229 resolvability of a 
nebula 249 vastness of mterstelUr 
space 301 galactic cloudlet 356 
star patterns 371 

See ancient redness of Sinus 135 dis 
turbance of 70 Ophiuchi 165 path 
of 7] Cassiopeise 166 computation of 
steEar orbits 163 167 197 eccen 
tncities 177 quintuple star 195 
tidal friction in stellar systems 208 
209 213 

Seeliger nebula round Nova Persei 94 
system of ^ Cancri 200 galactic 
researches 346 866 
Seneca colour of Sinus 135 
Sidereal astronomy conditions for prose 
cution 1*^ 14 31 methods 13 14^ 
availability of the camera 22 23 25 
31 33 , insatiable of light 33 



IlfDEX 


401 


Sidereal physics origin 14 future pio 
gre&s 16 

Sidereal system giavitative power 325 
326 permanence 330 331 spectral 
relationsliips 332 370 finite dimen 
sions 361 362 organisation 368 
369 371 comprehensive of stais and 
nehulee 373 primitive rotation 374 
Sidgreaves spectrum of Nova Anrigae 
91 of Nova Peisei 93 
Silicon in stais 37 41 54 m the snn 
42 

Small stars 35 40 nature of spectra 
37 47 48 photographic mvestiga 
tion 38 hydrogen absorption in 38 
41 affinities 46 absence of emissive 
symptoms 58 light vanations 117 
133 intense luminosity 176 remote 
ness 299 320 small proper motions 

321 galactic condensation 347 370 
Sinus brightness 3 22 twinkling 3 

5 spectrograms 38 40 hydrogen 
absorption 41 ultra violet spectrum 
76 ancient redness 135 binary 
system 156 167 165 mass relations 
176 parallax 293 proper motion 

322 

Smyth Admiral discrimination of star 
colours 137 tints of y Leonis and 
95 Hercnhs 146 147 cluster in 
G-emmi 228 

Smyth Piazzi colour change of 95 
Hercuhs 147 

Solar stars 35 relative numbers 41 
spectra 42 45 48 relationships 46 
54 56 bright lines absent from 
58 light vanations 117 comparative 
vicinity 299 320 detached from 

galactic formations 332 347 370 
South colours of double stars 146 147 
observation of ^ Cancri 198 
Spectra nebular 66 70 79 245 247 
253 256 260 264 281 
Spectra stellar types 35 of helium 
stars 36 37 of Sirian stars 37 41 
of solar stars 41 45 fluted 49 50 
of Antarian stars 60 54 of carbon 
stars 54 57 of gaseous stars 58 61 
of "Wolf Payet stars 62 63 of long 
period variables 62 79 102 113 of 
short period variables 116 of tern 
porary stars 62 alterations in 60 
relations to temperature 74 77 78 
79 of double stars 148 161 179 
180 181 183 210 211 of the 
Pleiades 223 of clusters 241 con 
nection with proper motion 308 
Spectxographic methods 28 29 33 

application to stars 38 53 64 55 56 
to nebulae 66 67 70 250 to Novae 
91 


Spectroscopic binaries discoveries 66 
105 118 121 128 131 189 192 
197 203 206 207 222 relations to 
telescopic binaries 168 209 condi 
tions of movement 187 188 abundant 
occurrence 188 189 mass determina 
tions 191 nebulous 207 270 
Spectrum analysis principles 16 
methods 17 18 applied to the stars 
35 

bpencer distribution of nebulae 354 
Spica a spectroscopic binary 190 mass 
of system 1<^1 parallax 297 
Spiral nebulae discovered at Parsons 
town 252 two branched 253 fore 
shortened into spindles 254 
copious occurrence 344 
Star drift 327 328 characterises partial 
systems 328 330 

Stars number visible 1 designations 
1 2 magnitudes 2 3 scintillation 
3 6 telescopic multitude 6 362 
total light 7 8 361 individual study 
8 16 combinations 9 catalogues 

12 317 364 determination of places 

13 movements 14 303 304 305 
308 314 316 332 parallaxes 14 
15 282 300 faintness of light 17 
33 sun like bodies 34 spectral 
types 35 57 gaseous 68 65 
chemistry 37 40 41 47 51 52 56 
temperatures 71 80 eclipses 126 
133 colour changes 135 136 141 

142 14b 148 nature and variety of 
tints 136 149 photographic charts 
363 365 distribution 363 365 869 
370 belt formation 366 368 collec 
tion into rings and streams 371 373 

fetebbins spectrum of Mira 63 54 
light change 100 
Stefan s law of cooling 71 72 
Stellar nebulse monochromatic light 
64 collected in Milky Way 66 re 
motenebs 66 246 radial velocity 

275 

Stokes Sir George temperature relations 
of Ime spectra 78 

Stone measurement of stellar heat 72 
centre of gravity of a Centauri 174 
Stratonoff constitution of the Pleiades 
220 photooraphs of Pleiades nebulae 
225 distribution of nehnlae 354 
Struve F G W observation of a red 
star 141 colours of double stars 

143 144 147 148 182 assigned 

limit of apparent distance 151 159 
detections 164 181 197 ohserva 

tions 198 329 colour perception 
146 magnitudes of 44 Bootis 179 
fifth star in trapezium 205 stellar 
parallax 284 critena of stellar 

26 



402 


THE SYSTEM OF THE STARS 


Vicinity 287 proper motions of 
doulole stars 322 stratum theory of 
Milky Way 341 number of the stars 
363 

Struve L determination of solar apex 
307 average proper motions 318 

319 their assumed rotation com 

ponent 331 

Struve O Pulkowa catalogue 151 
division of S Eqnulei 168 vaiiahle 
double stars 178 180 double satel 
lit© of 7 Andromedse 195 move 
ments of ^ Cancri 199 detection of 
a variable nebula 278 
Stumpe solar translation 308 
Sun stellar magnitude 22 machinery 
of radiation 34 calcium constituent 
42 43 113 titanium 45 tempera 
ture 71 80 analogy mth variable 
stars 112 114 relations to sidereal 
world 301 302 303 translation m 
space 302 305 306 310 nature of 
orbit 311 313 possible companions 
330 

Sun spots spectral analo les with red 
stars 52 56 cyclical variations com 
pared with stellar light changes 112 
114 

Sutton relations of star belt 366 
Swift nebulous star 244 nebulous 
nebulae 247 hair line nebulae 254 
stellar and nebular couples 255 de 
tail in Omega nebula 270 

Taun X an eclipsmg binary 130 131 
Tebbntt fading of a red star 141 
vaanable double star 180 
Telescopes equatoreal mounting 15 23 
short focus 24 photographic 25 
large apertures 33 138 
Tempel blaze in Andromeda nebula 89 , 
discovery of Merope nebula 223 
Temperature of the sun 71 of stars 
72 75 77 78 80 of uebulie 79 
280 281 

Temporary stars origm of spectra 62 
91 96 mdividual outbursts 82 95 
distribution 83 90 sites of those 
extinct 134 colour changes 141 142 
Tenuity of eclipsmg stars 133 of 
nebulas 280 

Thiele structure of fluted spectra 50 
period of Castor 167 
Thome Cordoba Durchmiistemug 6 
Tidal friction mfluence on development 
of stellar systems 208 209 
Tisseraud theory of Algol s mequalities 
129 132 

Titanium, absorption Imes in solar and 
stellar spectra 45 52 55 flutmgs in 
Antanan stars 61 


Toucani 47 compressed cluster 236 
surrounding blankness of sky 237 
Trapezium in Orion nebula spectral 
peculiarities 67 68 264 discoveues 
of components 205 206 genetic rela 
tions 213 connected nebulous 
structures 264 

Trifid nebula nuclear multiple stai 207 
luminous changes 279 
Trowbridge and Eichards spectial flut 
mgs 49 

Turner discovery of Nova Gemmorum 
95 investigation of variable star 
periods 113 relative drift of brighter 
stars 332 

Urs 0 B Majoris a colour variability 136 
UrsEe Majoris t a telescopic double star 
150 a spectroscopic binary 189 197 
quadruple system 201 mode of 
origin 213 part of a drifting squad 
ron 328 

Ursse Majoris ^ orbit 169 170 re 
lative masses of components 176 a. 
triple system 197 lower limit ot 
parallax 285 

Ursa Major star drift in 327 329 

Variable nebulse examples 277 280 
Variable stars redness 52 114 display 
of bright hues at maximum 52 110 
113 third spectral type 54 fourth 
type 67 conditions of luminous 
excitement 79 diversified phenomena 
81 five classes 82 sudden appari- 
tions 82 96 catalogues 97 oi long 
periods 97 105 irregular 105 110 
of short periods 97 116 126 distil- 
butiou of periods 98 117 explanatory* 
hypotheses 110 115 eclipsing 126- 
134 collected m groups 134 
coupled 160 178 184 
Vega apparent brilliancy 3 22 hy- 
drogen series iii spectrum 38 41 

temperature 74 ultra violet radia- 
tions 77 

Velorum nature of eclipses 126 131 
Veloxum S eclipses undergone by 126 
Velorum r fading of colour 141 
Velorum y emission spectrum 63 87 
oxygen absorption 64 
Very nebulosity round Nova Persci 95 
Vdlareeau parallax of binaries 285 
Vxrginis y duplicity 160 oibit 173- 
174 relative masses 175 luminosity 
176 variability 178 spectrum 179 
spectroscopic parallax 286 
Vogel E C spectrographic measures 
of radial velocity 29 186 323 

discrimination of helium stars 36 
movements within Orion nebula 69 



IlTDEX 


403 


276 observation of ITova CoroEse 86 
spectroscopic binaries 105 190 192 
eclipses of Algol 117 128 spectra of 
95 Herculis 147 Dive&tigations of 
clusters 232 241 peculiarities of 
planetary nebulje 246 249 256 

variable nebula 278 
Vogel H W spectrum of hydrogen 
37 

Ward Nova Andromedse 89 
Waters distribution of nebulae 354 
Webb colour of U Cygm 183 arrange 
ment of clustering stars 237 238 
planetary nebula 300 star patterns 
371 

Weber twinbling of stars 6 
Weersma movements of the Hyades 327 
Wesley photographs of the Pleiades 
226 diagrams of Andromeda and 
Orion nebnlsp 258 259 265 
Whewell interstellar situation of nebulse 
351 

Whirlpool nebnla typical of spiral class 
248 252 deflection of branches 253 
259 repulsive action betokened 274 
Wiedemann luminescence 77 
Wien s law of spectral energy 79 
Williams investigations of variable stars 
120 

Wilsmg stellar spectrograms 36 phase 
curve of Algol 129 perturbations of 
61 Cyomi 165 

Wilson nebulosity round Nova Persei 
94 photograph of an irregular nehula 
263 repulsive effects in Whirlpool 
nebula 274 

Winlock double satellite of Eegulus 159 


Wmnecke light change of S Monocerotis 
181 measurement of Prcesepe 233 
variability of a nebula 278 parallax 
of a faint star 290 

Wolf C catalogue of the Pleiades 219 
220 nebulous condition 224 map 
of stars m Prmsepe 233 
Wolf Max discoveries of nebulae 11 
observation of Andromeda nebula 
89 nebulosity louncl Nova Persei 
93 photographs of nebnlJB 253 259 
270 271 362 353 snake nebula 
267 leplacemeni of stars by nebulae 
352 353 nebular survey 364 
Wolf K. period attributed to rj Carinje 
107 solar and stellar periodicity 112 
WolfEayet stars emission beams 56 
62 63 affinities 56 64 95 96 

number and distribiition 64 in 
sensible parallaxes 300 
Woods detection of a variable star 126 
Wright Thomas disc theory of Milky 
Way 359 

Wright W H spectiograms of Mna 
53 spectroscopic parallax of a Cen 
tanxi 286 

Yendell colour and periods of variables 
114 eclipses of U Cephei 131 
Young calcium vapour in sun 42 43 
diagram of sun s path m space 312 

Zach red stars 138 

Zeeman effect imperceptible m fluted 
spectra 49 

Zodiac signs of the 2 

Zollner polarising photometer 21 


THE END 


Pnnfe i by K. R Clark Limitbd Edinburgh 



